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(57) Abstract: The invention provides proteins from group B streptococcus (Streptococcus agalactiae) and group A streptococcus 
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NUCLEIC ACIDS AND PROTEINS FROM STREPTOCOCCUS GROUPS A & B 

All documents cited herein are incorporated by reference in their entirety. 
TECHNICAL FIELD 

This invention relates to nucleic acid and proteins from the bacteria Streptococcus agalactiae (GBS) and 
5 Streptococcus pyogenes (GAS). 

BACKGROUND ART 

Once thought to infect only cows, the Gram-positive bacterium Streptococcus agalactiae (or "group B 
streptococcus", abbreviated to "GBS") is now known to cause serious disease, bacteremia and 
meningitis, in immunocompromised individuals and in neonates. There are two types of neonatal 

10 infection. The fust (early onset, usually within 5 days of birth) is manifested by bacteremia and 
pneumonia. It is contracted vertically as a baby passes through the birth canal. GBS colonises the vagina 
of about 25% of young women, and approximately 1% of infants bom via a vaginal birth to colonised 
mothers wfll become infected. Mortality is between 50-70%. The second is a meningitis that occurs 10 to 
60 days after birth. If pregnant women are vaccinated with type EI capsule so that the infants are 

15 passively immunised, the incidence of the late onset meningitis is reduced but is not entirely eliminated. 

The "B" in "GBS" refers to the Lancefield classification, which is based on the antigenicity of a 
carbohydrate which is soluble in dilute acid and called the C carbohydrate. Lancefield identified 13 types 
of C carbohydrate, designated A to O, that could be serologically differentiated. The organisms that 
most commonly infect humans are found in groups A, B, D, and G. Within group B, strains can be 
20 divided into 8 serotypes (la, lb, la/c, II, m, IV, V, and VT) based on the stiiicture of their 
polysaccharide capsule. 

Group A streptococcus C'GAS", S.pyogenes) is a frequent human pathogen, estimated to be present hi 
between 5-15% of normal individuals without signs of disease. When host defences are compromised, 
or when the organism is able to exert its virulence, or when it is introduced to vulnerable tissues or hosts, 
25 however, an acute infection occurs. Diseases include puerperal fever, scarlet fever, erysipelas, 
pharyngitis, impetigo, necrotising fasciitis, myositis and streptococcal toxic shock syndrome. 

S.pyogenes is typically treated using antibiotics. Although S.agalactiae is inhibited by antibiotics, 
however, it is not killed by penicillin as easily as GAS. Prophylactic vaccmation is thus preferable. 

Current GBS vaccines are based on polysaccharide antigens, although these suffer from poor 
30 immunogenicity. Anti-idiotypic approaches have also been used <^.g. W099/54457). There remains a 
need, however, for effective adult vaccines against S.agalactiae infection. There also remains a need for 
vaccmes against S.pyogenes infection. 

It is an object of the invention to provide proteins which can be used in the development of such 
vaccines. The proteins may also be useftil for diagnostic purposes, and as targets for antibiotics. 
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DISCLOSmE OF THE INVENTION 

The invention provides proteins comprising the S.agalactiae amino acid sequences disclosed in the 
examples, and proteins comprising the S.pyogenes amino acid sequences disclosed in the examples. 
These amino acid sequences are the even SEQ IDs between 1 and 10960. 

5 It also provides protems comprising amino acid sequences having sequence identity to the S.agalactiae 
amino acid sequences disclosed in the examples, and proteins comprising amino acid sequences having 
sequence identity to the S.pyogenes amino acid sequences disclosed in the examples. Depending on the 
particular sequence, the degree of sequence identity is preferably greater than 50% l^.g. 60%, 70%, 
80%, 90%, 95%, 99% or more). These proteins include homologs, orthologs, allelic variants and 
10 functional mutants. Typically, 50% identity or more between two proteins is considered to be an 
indication of functional equivalence. Identity between proteins is preferably determined by the 
Smith-Waterman homology search algorithm as implemented in the MPSRCH program (Oxford 
Molecular), using an aflRne gap search with parameters gap open penalty=12 and gap extension 
penalty=l. 

15 Preferred proteins of the invention are GBSl to GBS689 (see Table TV). 

The invention further provides proteins comprising fragments of the S.agalactiae amino acid sequences 
disclosed in the examples, and proteins comprising fragments of the S.pyogenes amino acid sequences 
disclosed in the examples. The fragments should comprise at least n consecutive amino acids from the 
sequences and, depending on the particular sequence, « is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 30, 
20 40, 50, 60, 70, 80, 90, 100 or more). Preferably the fragments comprise one or more epitopes from the 
sequence. Other preferred fragments are (a) the N-terminal signal peptides of the protems disclosed in 
the examples, (b) the proteins disclosed in the examples, but without their N-terminal signal peptides, (c) 
fragments common to the related GAS and GBS proteins disclosed in the examples, and (d) the proteins 
disclosed in the examples, but without their N-terminal amino acid residue. 

25 The proteins of the invention can, of course, be prepared by various means {e.g. recombinant 
expression, purification from GAS or GBS, chemical synthesis etc) and in various forms (e.g. native, 
fusions, glycosylated, non-glycosylated etc.). They are preferably prepared in substantially pure form 
(z.e. substantially free from other streptococcal or host cell proteins) or substantially isolated form. 
Protems of the invention are preferably streptococcal proteins. 

30 According to a flirther aspect, the invention provides antibodies which bind to these proteins. These 
may be polyclonal or monoclonal and may be produced by any suitable means <^.g. by recombinant 
expression). To increase compatibility with the human immme system, the antibodies may be chimeric 
or humanised {e.g. Breedveld (2000) Lancet 355(9205):735-740; Gorman & Qark (1990) Semin. 
Immunol. 2:457-466), or fully human antibodies may be used. The antibodies may include a detectable 

35 label {e.g. for diagnostic assays). 
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According to a further aspect, the invention provides nucleic acid comprising the S.agalactiae 
nucleotide sequences disclosed in the examples, and nucleic acid comprising the S.pyogenes nucleotide 
sequences disclosed in the examples. These nucleic acid sequences are the odd SEQ IDs between 1 and 
10966. 

5 In addition, the invention provides nucleic acid comprising nucleotide sequences having sequence 
identity to the S.agalactiae nucleotide sequences disclosed in the examples, and nucleic acid comprising 
nucleotide sequences having sequence identity to the S.pyogenes nucleotide sequences disclosed in the 
examples. Identity between sequences is preferably determined by the Smith-Waterman homology 
search algorithm as described above. 

10 Furthermore, the invention provides nucleic acid which can hybridise to the S.agalactiae nucleic acid 
disclosed in the examples, and nucleic acid which can hybridise to the S.pyogenes nucleic acid disclosed 
in the exan5)les preferably under 'high stringency' conditions {e.g. 65°C m O.lxSSC, 0.5% SDS 
solution). 

Nucleic acid comprising fragments of these sequences are also provided. These should comprise at least 
15 n consecutive nucleotides from the S.agalactiae or S.pyogenes sequences and, depending on the 
particular sequence, n is 10 or more (e.g. 12, 14, 15, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 
200 or more). The fragments may comprise sequences which are common to the related GAS and GBS 
sequences disclosed in the examples. 

According to a further aspect, the invention provides nucleic acid encoding the proteins and protein 
20 fragments of the invention. 

The invention also provides: nucleic acid comprising nucleotide sequence SEQ ID 10967; nucleic acid 
comprising nucleotide sequences having sequence identity to SEQ ID 10967; nucleic acid which can 
hybridise to SEQ ID 10967 (preferably under 'high stringency' conditions); nucleic acid comprising a 
fragment of at least n consecutive nucleotides from SEQ ID 10967, wherein n is 10 or more e.g. 12, 14, 
25 1 5, 1 8, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 
900, 1000, 1500, 2000, 3000, 4000, 5000, 10000, 100000, 1000000 or mote 

Nucleic acids of the invention can be used in hybridisation reactions (e.g. Northern or Southern blots, or 
in nucleic acid microarrays or 'gene chips') and amplification reactions (e.g. PGR, SDA, SSSR, LCR, 
TMA, NASBA etc.') and other nucleic acid techniques. 

30 It should also be appreciated that the invention provides nucleic acid comprising sequences 
coniplementary to those described above (e.g. for antisense or probing, or for use as primers). 

Nucleic acid according to the invention can, of course, be prepared in many ways (^.g. by chemical 
synthesis, from genomic or cDNA libraries, from the oi^anism itself etc.) and can take various forms 
(e.g. single stranded, double stranded, vectors, primers, probes, labelled etc.). The nucleic acid is 
35 preferably in substantially isolated form 
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Nucleic acid according to the invention may be labelled e.g. with a radioactive or fluorescent label. This 
is particularly useful where the nucleic acid is to be used in nucleic acid detection techniques e.g. where 
the nucleic add is a primer or as a probe for use in techniques such as PGR, LCR, TMA, NASBA etc. 

In addition, the term "nucleic acid" includes DNA and RNA, and also their analogues, such as those 
5 containing modified backbones, and also peptide nucleic acids (PNA) etc. 

According to a further aspect, the invention provides vectors comprising nucleotide sequences of the 
invention (e.g. cloning or expression vectors) and host cells transformed with such vectors. 

According to a further aspect, the invention provides compositions comprising protein, antiljody, and/or 
nucleic acid according to the invention. These compositions may be suitable as immunogenic 
10 compositions, for instance, or as diagnostic reagents, or as vaccines. 

The invention also provides nucleic acid, protein, or antibody according to the invention for use as 
medicaments <^.g. as immunogenic compositions or as vaccines) or as diagnostic reagents. It also 
provides the use of nucleic acid, protein, or antibody according to the invention in the manufacture of: (i) 
a medicament for treating or preventing disease and/or infection caused by streptococcus; (ii) a 
15 diagnostic reagent for detecting the presence of streptococcus or of antibodies raised against 
streptococcus; and/or (iii) a reagent which can raise antibodies against streptococcus. Said 
streptococcus may be any species, group or strain, but is preferably S.agalactiae, especially serotype 
III or V, or S.pyogenes. Said disease may be bacteremia, meningitis, puerperal fever, scarlet fever, 
erysipelas, pharyngitis, impetigo, necrotising fasciitis, myositis or toxic shock syndrome. 

20 The invention also provides a method of treating a patient, comprising administering to the patient a 
therapeutically effective amount of nucleic acid, protein, and/or antibody of the invention. The patient 
may either be at risk firom the disease themselves or may be a pregnant woman ('maternal immunisation' 
e.g. Glezen & Alpers (1999) Clin. Infect. Dis. 28:219-224). 

Administration of protein antigens is a preferred method of treatment for inducing immunity. 

25 Administration of antibodies of ttie invention is another preferred method of treatment. This method of 
passive immunisation is particularly usefiil for newbom children or for pregnant women. This method 
will typically use monoclonal antibodies, which will be humanised or fully human. 

The invention also provides a kit coniprismg primers (e.g. PGR primers) for amplifying a template 
sequence contained within a Streptococcus (e.g. S.pyogenes or S.agalactiai) nucleic acid sequence, the 
30 kit comprising a first primer and a second primer, wherein the first primer is substantially conq)lementary 
to said teniplate sequence and the second primer is substantially con^lementary to a complement of said 
template sequence, wherein the parts of said primers which have substantial con:5)lementarity define the 
termini of the template sequence to be amplified. The first primer and/or the second primer may include 
a detectable label {e.g. a fluorescent label). 
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The invention also provides a kit comprising first and second single-stranded oligonucleotides which 
allow amplification of a Streptococcus template nucleic acid sequence contained in a single- or double- 
stranded nucleic acid (or mixture thereof), wherein: (a) the first oligonucleotide comprises a primer 
sequence which is substantially coirplementary to said teniplate nucleic acid sequence; (b) the second 
5 oligonucleotide coniprises a primer sequence which is substantially coniplemBntaiy to the complement 
of said template nucleic acid sequence; (c) the first oligonucleotide and/or the second oligonucleotide 
comprise(s) sequence which is not compementary to said template nucleic acid; and (d) said primer 
sequences define the termini of the template sequence to be amplified. The non-cornplementaiy 
sequence(s) of feature (c) are preferably upstream of (Le. 5' to) the primer sequences. One or both of 
10 these (c) sequences may coniprise a restriction site (^.g. EP-B-0509612) or a promoter sequence (e.g. 
EP-B-0505012). The first oligonucleotide and/or the second oligonucleotide rnay include a detectable 
label (e.g. a fluorescent label). 

The template sequence may be any part of a genome sequence (e.g. SEQ ID 10967). For example, it 
could be a rRNA gene (e.g. Turenne et al. (2000) J. Clin. Microbiol. 38:513-520; SEQ IDs 12018-12024 
15 herein) or a protein-coding gene. The template sequence is preferably specific to GBS. 

The invention also provides a computer-readable medium {e.g. a floppy disk, a hard disk, a CD-ROM, a 
DVD etc.) and/or a computer database containing one or more of the sequences in the sequence listing. 
The medium preferably contains SEQ ID 10967. 

The invention also provides a hybrid protein represented by the formula NH2-A-[-X-L-]„-B-C00H, 

20 wherein X is a protein of the invention, L is an optional linker amino acid sequence, A is an optional 
N-terminal amino acid sequence, B is an optional C-tenninal amino acid sequence, and n is an integer 
greater than 1. The value of n is between 2 and x, and the value of x is typically 3, 4, 5, 6, 7, 8, 9 or 10. 
Preferably n is 2, 3 or 4; it is more preferably 2 or 3; most preferably, n = 2. For each n instances, -X- 
may be the same or different. For each n instances of [-X-L-], linker amino acid sequence -L- may be 

25 present or absent. For instance, when «=2 the hybrid may be NH2-X]-L]-X2-L2-COOH, NH2-X1-X2- 
COOH, NH2-X1-L1-X2-COOH, NHz-Xj-Xz-Lz-COOH, etc. Linker amino acid sequence(s) -L- will 
typically be short {e.g 20 or fewer ammo adds i.e. 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 
3, 2, 1). Examples include short peptide sequences which facilitate cloning, poly-glydne linkers (i.e. Gly„ 
where « = 2, 3, 4, 5, 6, 7, 8, 9, 10 or more), and histidine tags (i.e. His,, where n = 3, 4, 5, 6, 7, 8, 9, 10 

30 or more). Other suitable linker amino acid sequences will be apparent to those skilled in the art. -A- and - 
B- are optional sequences which will typically be short {e.g. 40 or fewer amino acids i.e. 39, 38, 37, 36, 
35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 
7, 6, 5, 4, 3, 2, 1). Examples include leader sequences to direct protem trafficking, or short peptide 
sequences which facilitate cloning or purification {e.g. histidine tags i.e. His„ where n = 3, 4, 5, 6, 7, 8, 9, 

35 10 or more). Other suitable N-terminal and Cterminal amino acid sequences will be apparent to those 
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skilled in flie art. In some embodiments, each X will be a GBS sequence; in others, mixtutes of GAS and 
GBS will be used. 

According to further aspects, the invention provides various processes. 

A process for producing proteins of the invention is provided, comprising the step of culturing a host 
5 cell of to the invention under conditions which induce protein expression. 

A process for producing protein or nucleic acid of the invention is provided, wherein the protein or 
nucleic acid is synthesised in part or in whole using chemical means. 

A process for detecting polynucleotides of the invention is provided, comprismg the steps of: (a) 
contacting a nucleic probe according to the invention with a biological sainple under hybridising 
10 conditions to form duplexes; and (b) detecting said duplexes. 

A process for detecting Streptococcus in a biological sample (e.g. blood) is also provided, comprising 
the step of contacting nucleic acid according to the invention with the biological sample under 
hybridising conditions. The process may involve nucleic acid amplification ^.g. PGR, SDA, SSSR, 
LCR, TMA, NASBA etc.) or hybridisation (e.g. microarrays, blots, hybridisation with a probe in 
15 solution etc.). PC3R. detection of Streptococcus in clinical samples, in particular S.pyogenes, has been 
reported [see e.g. Louie et al. (2000) CMAJ 163:301-309; Louie et ah (1998) J. Clin. Microbiol. 
36:1769-1771]. Qinical assays based on nucleic acid are described in general in Tang et al. (1997) Clin. 
Chem. 43:2021-2038. 

A process for detecting proteins of tiie invention is provided, coniprising the steps of: (a) contacting an 
20 antibody of the invention with a biological sample under conditions suitable for the formation of an 
antibody-antigen complexes; and (b) detecting said complexes. 

A process for identifying an amino acid sequence is provided, comprising the step of searching for 
putative open reading fiames or protein-coding regions within a genome sequence of S.agalactiae. This 
wfll typically involve in silico searching the sequence for an initiation codon and for an in-fiame 

25 termination codon in the downstream sequence. The region between these initiation and termination 
codons is a putative protein-coding sequence. Typically, all six possible reading fiames will be searched. 
Suitable software for such analysis includes ORFFINDER (NCBI), GENEMARK [Borodovsky & 
McLninch (1993) Computers Chem. 17:122-133), GLIMMER [Salzberg et al (1998) Nucleic Acids Res 
26:544-548; Salzberg et al. (1999) Genomics 59:24-31; Delcher et al. (1999) Nucleic Acids Res. 27:4636- 

30 4641], or other software which uses Markov models [e.g. Shmatkov et al (1999) Bioinformatics 
15:874-876]. The invention also provides a protein comprising the identified amino acid sequence. These 
proteins can then expressed using conventional techniques. 

The invention also provides a process for determining whether a test compound binds to a protein of the 
invention. If a test compound binds to a protein of the invention and this binding inhibits the life cycle of 
35 the GBS bacterium, then the test compound can be used as an antibiotic or as a lead compound for the 
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design of antibiotics. The process will typically comprise the steps of contacting a test compound with a 
protein of the invention, and determining whether the test compound binds to said protein. Preferred 
proteins of the invention for use in liiese processes are enzymes ^.g. tEUSfA synthetases), membrane 
transporters and ribosomal proteins. Suitable test compounds include proteins, polypeptides, 
5 carbohydrates, lipids, nucleic acids ^.g. DNA, RNA, and modified forms thereof), as well as small 
organic compounds (^.g. MW between 200 and 2000 Da). The test compounds may be provided 
individually, but will typically be part of a library (e.g. a combinatorial library). Methods for detecting a 
binding interaction include NMR, filter-binding assays, gel-retardation assays, displacement assays, 
surface plasmon resonance, reverse two-hybrid etc. A compound which binds to a protein of the 
10 invention can be tested for antibiotic activity by contacting the compound with GBS bacteria and then 
monitoring for inhibition of growth. The invention also provides a compound identified using these 
methods. 

The invention also provides a composition comprising a protein or the invention and one or more of the 
following antigens: 

15 - a protein antigen from Helicobacter pylori such as VacA, CagA, NAP, HopX, HopY [e.g. 
WO98/04702] and/or urease. 

- a protein antigen fixan N.meningitidis serogroup B, such as those in W099/24578, W099/36544, 
IfCmiSim, WOOO/22430, Tettelin et al. (2000) Science 287:1809-1815, Pizza et al. (2000) 
Science 287:1816-1820 and W096/29412, with protein '287' and derivatives being particularly 

20 preferred. 

- an outer-membrane vesicle (OMV) preparation ftom N.meningitidis serogroup B, such as those 
disclosed in WOO 1/52885; Bjune et al. (1991) Lancet 338(8775): 1093-1096; Fukasawa et al. (1999) 
Vaccine 17:2951-2958; Rosenqvist etal. (1998) Z)ev. Biol. Stand. 92:323-333 eta 

- a saccharide antigen fcava. N.meningitidis serogroup A, C, W135 and/or Y, such as the 
25 oligosaccharide disclosed in Costantino et al. (1992) Vaccine 10:691-698fix)m serogroup C [see 

also Costantino etal. (1999) Vaccine 17:1251-1263]. 

- a saccharide antigen fmra Streptococcus pneumoniae [e.g. Watson (2000) Pediatr Infect Dis J 
19:331-332; Rubin (2000) Pediatr Clin North Am 47:269-285, v; Jedrzejas (2001) Microbiol Mol 
Biol Rev 65:m-2(n]. 

30 - an antigen firom hepatitis A virus, such as inactivated virus [e.g. Bell (2000) Pediatr Infect Dis J 
19:1187-1188; Iwarson (1995) APMIS 103:321-326]. 

- an antigen jfrom hepatitis B virus, such as the surface and/or core antigens {e.g. Gerlich et al. (1990) 
Vaccine 8 Suppl:S63-68 & 79-80]. 

- an anti^n from hepatitis C virus [e.g. Hsu et al. (1999) Clin Liver Dis 3:901-915]. 

35 - an antigen fix)m Bordetella pertussis, such as pertussis holotoxin (FT) and filamentous 
haemagglutinin (FHA) ftom B.pertussis, optionally also in combination with pertactin and/or 
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agglutinogens 2 and 3 [e.g. Gustafsson et al. (1996) N. Engl. J. Med. 334:349-355; Rj5)puoli et al. 
(1991) TIBTECH 9:232-23^1 

- a diphtheria antigen, such as a diphtheria toxoid [e.g. chapter 3 of Vaccines (1988) eds. Plotkin & 
Mortimer. ISBN 0-7216-1946-0] e.g. the CRM197 mutant [e.g. Del Guidice et al. (1998) Molecular 

5 Aspects of Medicine 19:1-70]. 

- a tetanus antigen, such as a tetanus toxoid [e.g. chapter 4 of Plotkin & Mortimer]. 

- a saccharide antigen trom Haemophilus influenzae B. 

- an antigen from N.gonorrhoeae [e.g W099/24578, W099/36544, WO99/57280]. 

- an antigen from Chlamydia pneumoniae [e.g. PCT/IBOl/01445; Kalman et al. (1999) Nature 
10 Genetics 21:385-389; Read et al. (2000) Nucleic Acids Res 28:1397-406; Shirai et al. (2000) J. 

Infect Dis. 181(Suppl 3):S524-S527; WO99/27105; WOOO/27994; WOOO/37494]. 

- an antigen from Chlamydia trachomatis [e.g. W099/28475]. 

- an antigen from Porphyromonas gingivalis [e.g. Ross et al. (2001) Vaccine 19:4135-4142]. 

- polio antigen(s) [e.g. Sutter et al. (2000) Pediatr Clin North Am 47:287-308; Zimmerman & Spann 
1 5 (1999) Am Fam Physician 59: 1 1 3-1 1 8, 1 25-126] such as IPV or OPV. 

- rabies antigen(s) [e.g. Dreesen (1997) Vaccine 15 Suppl:S2-6] such as lyophilised inactivated vims 
[e.g. MMWR Morb Mortal Wkly Rep 1998 Jan 16;47(1):12, 19; RabAvert™]. 

- measles, mumps and/or rubella antigens [e.g. chapters 9, 1 0 & 11 of Plotkin & Mortimer]. 

- influenza antigen(s) [e.g. chapter 19 of Plotkin & Mortimer], such as the haemaggjutinin and'or 
20 neuraminidase surface proteins. 

- an antigen from Moraxella catarrhalis [e.g. McMichael (2000) Vaccine 19 Suppl 1:8101-107]. 

- an anti^ from Staphylococcus aureus [e.g. Kuroda et al. (2001) Lancet 357(9264):1225-1240; 
see also pages 1218-1219]. 

Where a saccharide or carbohydrate antigen is included, it is preferably conjugated to a carrier protein in 
25 order to enhance immunogenicity [e.g. Ramsay et al. (2001) Lancet 357(9251):195-196; Lindberg (1999) 
Vaccine 17 Suppl 2:S28-36; Conjugate Vaccines (eds. Cruse et al.) ISBN 3805549326, particularly vol. 
10:48-114 etc.\ Preferred carrier proteins are bacterial toxins or toxoids, such as diphtheria or tetanus 
toxoids. The CRM197 diphtheria toxoid is particularly preferred. Other suitable carrier proteins include 
Hie N.meningitidis outer membrane protein [e.g EP-0372501], synthetic peptides [e.g EP-0378881, EP- 
30 0427347], heat shock proteins [e.g W093/17712], pertussis proteins [e.g. W098/58668; EP-0471 177], 
protein D from Kinfluenzae [e.g. WOOO/56360], toxin A or B from Cdifficile [e.g. WOOO/61761], eta 
Any suitable conjugation reaction can be used, with any suitable linker where necessary. 

Toxic protein antigens may be detoxified where necessary (e.g. detoxification of pertussis toxin by 
chemical and/or genetic means). 
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Where a diphtheria antigen is included ia the composition it is preferred also to include tetanus antigen 
and pertussis antigens. Similarly, where a tetanus antigen is included it is preferred also to include 
diphtheria and pertussis antigens. Similarly, where a pertussis antigen is included it is preferred also to 

include diphtheria and tetanus antigens. 

5 Antigens are preferably adsorbed to an aluminium salt. 

Antigens in the composition will typically be present at a concentration of at least Ijig/ml each. In 
general, the concentration of any given antigen will be sufficient to elicit an immune response against that 
antigen. 

The invention also provides compositions cornprising two or more proteins of the present invention. 
10 The two or more proteins may comprise GBS sequences or may comprise GAS and GBS sequences. 

A summary of standard techniques and procedures which may be einployed to perform the invention 
(e.g. to utilise the disclosed sequences for vaccination or diagnostic purposes) follows. This summary is 
not a limitation on the invention but, rather, gives examples that may be used, but are not required 
General 

15 The practice of the present invention will employ, unless otherwise indicated, conventional techniques of 
molecular biology, microbiology, recombinant DNA, and immunology, which are within the skill of the 
art. Such techniques are explained folly m the literature eg. Sambrook Molecular Cloning; A Laboratory 
Manual, Second Edition (1989); DNA Cloning, Volumes I and II (D.N Glover ed. 1985); 
Oligonucleotide Synthesis (M.J. Gait ed, 1984); Nucleic Acid Hybridization (B.D. Hames & S.J. 

20 Higgins eds. 1984); Transcription and Translation (BX). Hames & S.J. Higgins eds. 1984); Animal 
Cell Culture (R.I. Freshney ed. 1986); Immobilized Cells and Enzymes (DRL Press, 1986); B. Perbal, A 
Practical Guide to Molecular Cloning (1984); the Methods in Enzymology series (Academic Press, 
Inc.), especially volumes 154 & 155; Gene Transfer Vectors for Mammalian Cells (JJH. Miller and M.P. 
Calos eds. 1987, Cold Spring Harbor Laboratory); Mayer and Walker, eds. (1987), Immunochemical 

25 Methods in Cell and Molecular Biology (Academic Press, London); Scopes, (1987) Protein 
Purification: Principles and Practice, Second Edition (Springer- Verlag, N.Y.), and Handbook of 
Experimental Immunology, Volumes I-TV (D.M. Weir and C. C. Blackwell eds 1986). 
Standard abbreviations for nucleotides and amino acids are used in this specification. 
Definitions 

30 A composition containing X is "substantially fiee of Y vAm at least 85% by weight of the total X+Y in flie composition is X. 
Preferably, X conprises at least about 90% by weight of the total of X+Y in flie con:p)sition, more prefmbly at least about 95% 
or even 99% by weight 

The term "comprising" means "including" as well as "conaslin^ eg. a conpoaSion "con:5)riang" X may consist exclusively of 
X or may include something additional e.g. X+Y. 
35 The term "heterologous" refers to two biological conprnoits that are not found together in nature. The components may be host 
cells, genes, or regulatory regions, such as promoters. Alfliough the heterologous conponents are not found together in nature, 
they can fimction together, as when a promoter heterologous to a gene is opeiably linked to the gene. Another example is where a 
streptococcus sequence is heterologous to a mouse host celL A fiuflier exanples would be two epitopes fixjm the same or 
different proteins whidi have bear assembled in a single protdn in an arrangement not found in nature 
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An "origin of replication" is a polymideolide sequence Ibat initiates and regulates replication of polynucleotides, such as an 
expression vector. The origin of replication behaves as an autonomous unit of polynucleotide replication within a cell, capable of 
replication under its own control. An origin of rqjlication may be needed for a vector to replicate in a particular host cell. With 
certain origins of repHcation, an expression vector can be reproduced at a high copy number in the presence of the appropriate 
5 proteins within the cell. Exanples of ori^ are the autonomously rq)hcating sequences, which are effective in yeast; and the viial 
T-antigen, effective in COS-7 cells. 

A "mutanf sequence is defined as DNA, RNA or amino acid sequence differing fiom but having sequence identily with the 
native or disclosed sequence. Depending on the particular sequence^ the degree of sequence identify between the native or 
disclosed sequence and the mutant sequence is preferably greater than 50% ^g. 60%, 70%, 80%, 90%, 95%, 99% or more, 

10 calculated using the Smifh-Watennan algorithm as described above). As used herein, an "allehc varianf' of a nucleic acid 
molecule, or region, for which nucleic add sequence is provided herein is a nucleic add molecule, or region, that occurs essentially 
at the same locus in the genome of another or second isolate, and (hat, due to natural variation caused by, for exanple, mutation 
or recombinaticHj, has a similar but not identical nuddc add sequoBe. A coding region allelic variant typically encodes a protein 
having similar activity to that cf the piotdn encoded by the gene to wMdi it is bemg conpared. An aildic variant can also 

1 5 comprise an alteration in the 5' or 3' untranslatEd regions of the gene, sndi as in regufetoiy control regions ^g. see US patent 
5,753,235). 
Expression systems 

The stt^tococcus nucleotide sequences can be expressed in a variety of different expression systems; for exanple those used 
with mammalian cdls, baculovinises, plants, bacteria, and yeast 
20 i. Mammalian Svsteas 

Mammalian expresaon systems are known in the ait A mammalian promoter is any DNA sequence capable of binding 
mammalian KNA polymaase and initiating the downstream (3") transcription of a coding sequence fg. stnictural gene) into 
EoRNA. A promoter will have a transaiption initiating region, which is usually placed proximal to the 5' end of the coding 
sequoice, and a TATA box, usually located 25-30 base pairs (bp) njstream of the tiansaiption initiation site. The TATA box is 
25 tiiou^t to direct RNA polymerase II to begin RNA synthesis at the coirect site. A manamalian promoter will also contaia an 
upsheam promoter element, usually located wiflnn 100 to 200 bp upstiream of flie TATA box. An upstieam promoter element 
detemiines the rate at which transcription is initiated and can act in either orientation [Sambrook et al. (1989) "Expression of 
Cloned Genes in Mammalian Cdk." fei Molecular Cloning: A Laboratory Manual, 2nded.]. 

Wbmmalian vital genes are often highly apessed and have a broad host range; therefore sequaices oicoding mammalian viial 

30 gaies provide particularly usefiil promoter sequences. Examples include the SV40 eady promoter, mouse manmiaiy tumor virus 
LTR promoter, adaiovims major late ptomotar (Ad MLP), and herpes simplex virus promoter. In addition, sequences derived 
fixMn non-viral genes, sudi as the murine metallothdonein gene, also provide usefiil promoter sequences. Expression may be either 
coDstitiitive or regulated (inducible), depending ai tiie promoter can be induced witli glucocorticoid in hormone-responsive cdls. 
The presence of an enhancer element (enhancer), combined with the promoter elements described above, wil usually inaease 

35 expression levels. An enhancer is a legulatoty DNA sequence that can stimulate transcription up to 1000-fold when linked to 
homologous or heterologous promoters, with synthesis b^inning at the noraial RNA start site. Enhancers are also active when 
they are placed upstieam or downstiEam from the transcription initiation site, in dther normal or flipped orietlation, or at a 
distance of mors than 1000 nucleotides from (he promoter [Maniatis et al. (1987) Science 236:1131; Alberts et aL (1989) 
Molecular Biology of the Cell, 2nd ed]. Enhancer elements derived fixan viruses may be particulariy usefiil, because they 

40 usually have a broader host range. Examples include the SV40 early gene enliancer [Dijkema et al (1985) EMBO J. 4-16\] and 
the enhancer/promotere derived from the long teminal repeat (LTR) of the Rous Sarcoma Vims [Graman et al. (1982b) Proc. 
Natl. Acad. Sci. 79:6777] and from human cytomegalovirus [Boshart et al. (1985) Cell 41-521]. Additionally, some eiiiancers 
are regulatable and become active only in the presence of an inducer, such as a hormone or mdal ion [Sassone-Corsi and Borelli 
(1986) Trends Genet. 2:215; Maniatis et al. (1987) Science 236:1237]. 

45 A DNA molecule may be expressed inti:acellularly in mammahan cells. A promoter sequence may be directly linked with the 
DNA molecule, in which case the first amino add at the N-temiinus of the reconbinant protein will always be a mefhiodne, which 
is encoded by (he ATG start codoa ff desired, (he N-terminus may be cleaved from the protein by in vitro incubation with 
cyanogen bromide. 

Alternatively, fordgn proteins can also be secreted fiom the cell into the growth media by creatiiig chimeric DNA molecules (bat 
50 encode a fiision protein comprised of a leader sequence fragment fliat provides for secretion of flie fordgn protdn in mammalian 
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cells. Preferably, fhere are processing sites encoded between the leader fiagment and the foreign gaie that can be deaved either 
in viw or in vitiv. The leader sequence fiagment usually encodes a signal pqptide conpised of hydrophobic amino adds which 
direct the secretion of flie protein fiam the cel. The adenovinis triparite leadw is an em^de of a leadw sequence fliat provides 
for secretion of a fordgn protein in mammalian cells. 
5 Usually, transcription temiinalion and polyadenylation sequoices recognized by mammalian cells are regulatory regions located 3' 
to the translation stop codon and thus, together with the promoter elements, flank the coding sequence. The 3' terminus of the 
mature mRNA is fonned by site-specific post-transcriptional cleavage and polyadenylation [Bimsfid et al. (1985) Cell 41-349; 
Proudfoot and Whitelaw (1988) 'Termination and 3' end processing of eukaiyotic RNA. In Transcription and splicing (ed. 
BD. Hames and D.M. Glover); Proudfoot (1989) Trends Biochem. Set 14:105]. These sequences direct the transcription of an 
10 niRNA which can be translated into the pdypepUde oicoded by the DNA. Exan^les of transcriptiQn teaminata/polyadenyktion 
signals include those derived fiom SV40 |8aiiihroak et al (1989) "Bqnession of cloned gwes in cultured mammalian cdls." In 
Molecular Cbning: A Laboratory Manual\. 

Usually, the above described confonents, comprising a pomoter, polyadenylation signal, and Iransapon temoinafion sequence 
are put togeflia into ej^pression constracts. Enhancers, inttons with functional splice donor and acceptor ates, and leader 

15 sequences may also be inchided in an ejipression constaict, if desired. Bpession constructs are oflaa maintained in a iq)licon, 
sudi as an extracluomosomal donoit ^g. jdasmids) capaUe of stable maintenance in a host, such as mammalian cdls or 
bactoia. Mammalian replication systems indiuk fliose deaved fiom animal viruses, which require tm-ading gdors to replicate. 
For emnpk, plasmids containing flie replication systems of papovavirases, such as SV40 [GhEman (1981) Ce// 25:175] or 
polyomavims, replicate to extremdy high copy nuniber in the presence of flie appropriate viral T antigea Additional exarrjies of 

20 mammalian rq)licons include those derived fiom bovine pai^omavinis and l^stdn-Ban: vims. Additionally, the replicon may 
have two replicaton systems, thus allowing it to be maii]^ine4 for emple, in mammalian cdls Sx sxpcesdm and in a 
prokaryotic host for cloning and aoplificatioa Examples of such mammalian-bacteria shutde vectors include pMH [Kaufinan et 
al. (1989) Mol Cell. Biol. 9:946] andpHEBO [Shimizu et al. (1986)Mo/. Cell. Biol. 6:1074]. 

The transformation procedure used depends upon the host to be transformed. Methods for introduction of hderologous 
25 po^cleotides into mammalian ceils are known in the art and include de!Ctrartmediated transaction, caldum phosphate 
precipitation, polybrene mediated transfection, protoplast fiisron, eledioporation, encapsulation of the polynudeotide(s) in 
liposomes, and direct microinjection of the DNA into nudd. 

Mammalian cell lines available as hosts for eiiqaession are known in the art and indude many immortalizEd cell lines avaiiible fi'om 
the American Type Culture Collection (ATCQ, including but not limited to, Chinese hamster ovary (CHO) cells, HeLa cells, 
30 baby hamster kiAiey (BHK) cells, monkey kidney cdls (COS), human hqjatocellular catdnoma cdls Hep G2), and a 
number of other cdl lines. 
iL Baculovirus Svstems 

The polynucleotide encoding the protdn can also be inserted into a suitable insect ejqjression vector, and is qperably linked to Are 
control elements witiiin that vector. Vectra: oonstraction employs techniques which are known in the art. Generally, the 
35 components of the expression system include a transfer vector, usually a bacterial plasmid, whidi amtains both a fiagment of the 
bacidovims genome, and a convenient restriction site for insertion of the heterologous gene or genes to be expressed; a wild type 
baadovims wifli a sequence homologous to the baculovirus-specific fiagment in the transfer vector (this allows for the 
homologous recombination of the heterologous gene in to the baculovirus genome); and appropriate insect host cells and growth 
media. 

40 After inserting the DNA sequence encoding the protein into the transfer vector, the vector and the wild type viral genome are 
transfected into an insect host cell where the vector and viral genome are allowed to recombine. The packaged recombinant vims 
is expressed and recombinant plaques are identified and purified. Materials and methods for baculovirus/insect cell expression 
systems are commerdally available in kit form fiom, inter alia, Invitrogai, San Diego CA ("MaxBac" kit). These techniques are 
generally known to those skilled in the art and fully desaibed in Sunamers and Smith, Texas Agriculiwal Experiment Station 

45 Bulletin No. 1555 (1987) (hereinafter "Summers and Smith"). 

Prior to inserting the DNA sequence encoding the protein into the baculovirus genome, the 'above described conp)nents, 
comprising a promoter, leader (if desired), coding sequence, and transcription termination sequence, m usually assembled into an 
intennediate transfdacement construct (transfer vector). This may contain a single gene and operably linked regulatory elements; 
mult5)le genes, each with its owned set of operabfy linked regulatory elements; or multiple genes, regulated by the same set of 

50 regulatory elemaits. Litarmediate transplacement constracts are often maintained in a repKcon, such as an extta-chromosomal 
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element (eg. plasmids) enable of stable maintaiance in a hosl^ such as a bacterium. The repKcon will have a replication system, 
thus allowing it to be maintained in a suitable host for (toing and aiqplificatioa 

Cunaitly, the most commonly used transfer vector ftr introducing fiiieign genes into AcNPV is pAc373. Many other vectors, 
known to those of skill in tlie art, have also been designed. These include, for exanple, pVL985 (which alters the polybedrin start 
5 codm from ATG to ATT, and wHcb introduces a BamHI cloning site 32 basepaiis downstream from the ATT; see Luckow and 
Summers, Virology (1989) 77:31. 

The plasmid usually also contains tbe poljdiediin pofya<fei^lation signal QMec et al. {l%S)Atm. Rev. MavbioL, 42: 177) and a 

prolaryofic anpdllin-iesistance {amp) gene and origin of leplicatim for selection and propagation inEcoff. 

Baaiowius transfer vectors usually contain a baoiloviius prtmoter. A baculovinis promoter is any DMA sequence apMe of 

10 binding a baculoviras RNA polymerase and initiating the downstream (5' to 3) transcription of a coding sequaice ^g. stractural 
gene) into niRNA. A promotor will have a tianscaption imtiadon lEgim whidi is usually {daced proximal to ^ 5' aid of the 
coding sequence. This ttanscriptiai initialion r^on usually includes an RNA polymaase binding site and a transaiption initiation 
site. A bacdovitus transfer vector may also have a second donrain called an enhancer, which, if present, is usually distal to the 
stmctural gene. Expression may be either regulated or constitutive. 

15 Stractural genes, abundantly transcribed at late times in a viral infection cycle, provide patticulaily useM promoter sequences. 
Examples include sequences derived fiom the gene encoding the viial polyhedron potein, Friesen et al., (1986) "The Regulation 
of Baculovirus Gene E)qpression," in: The Molecular Biology ofBacubvimses (ed. Walter Doerfler); EPO PubL Nos. 127 839 
and 155 476; and the gene encoding the plO protein, Vlak et al., (1988), J. Gen. Virol. 69:765. 

DNA encoding suitable signal sequences can be derived from genes for secreted insect or baculovirus proteins, sudi as the 
20 baculovinis polyhedrin gene (Caibonell et al. (1988) Gene, 75:409). Alternatively, since the signals for maimnalian cell 
posttranslational modifications (such as signal peptide cleavage, proteolytic cleavage, and phosphorylation) appear to be 
recognized by insect cells, and the signals required for secretion and nuclear accumulation also appear to be conserved between 
tlie invertebrate cells and vertebrate cells, leadas of non-insect origin, such as those derived from genes encoding human a- 
interferon, Maeda et al., (1985), Mture 5J5-.592; hmnan gastrinrrdeasing peptide, Lebacq-Verheyden et al., (1988), Molec. 
25 Cell. Biol 5:3129; human IL-2, Smith et al, (1985) Proc. Natl Acad. Sci. USA, 52:8404; mouse IL-3, (Miyajima et al., 
(1987) Gene 55:273; and human glucocerehroaidase, Martin et al. (19SS)DNA, 7-39, can also be used to provide for secretion 
in insects. 

A reconbinant polypeptide or plyprotein may be ejqiressed intiacelluJarly or, if it is expressed with the proper regulatory 
sequences, it can be secreted. Good intracellular expession of nonfiBed foreign proteins usually requires heterologous genes that 

30 id^y have a short leader sequence containing suitable translatifm initiation signals preceding an ATG start agnaL If desired, 
methionine at flie N-terminus may be cleaved from the mature protein by in vitro incubation with cyanogaa bromide. 
Alternatively, recombinant polyproteins or proteins which are not naturally secreted can be secreted fiom the insect cell by 
creating chimeric DNA moleciiles that aicode a fiision protdn aarpised of a leader sequence fragment that provides for 
secretim of the foreign protein in insecte. The leader sequence fiagmait usually encodes a signal peptide comprised of 

35 hydro[i»hic amino adds which direct the tianslocatioQ of the protein into the endoplasmic reticulum 

After insertion of the DNA sequence and/or the gene encoding the expression product precursor of the protein, an insect cell host 
is co-transfomied with the heterologous DNA of tiie transfer vector and the genonic DNA of wild type baculoviras ~ usually by 
co^tansfection. The promoter and transcriptim termination sequence of the coiistract will usually comprise a 2-5kb section of the 
baculovirus genome. Methods for introdudng heterologous DNA into the desired site in the baculovirus vims are known in the art. 

40 (See Summers and Smith supra; Ju et al. (1987); Smith et al., Mol. Cell Biol (1983) 5:2156; and Luckow and Summers 
(1989)). For example, the insertion can be into a gene such as the polyhedrin gene, by homologous double crossover 
recombination; insertion can also be into a restriction enzyme site engineoed into the desired baculovinis gene. Miller et al., 
(1989), Bioessays '<:91.The DNA sequence, when cloned in place of the polyhedrin gene in the expression vector, is flanked 
both 5' and 3' by polyhedrin-specific sequences and is positioned downstream of the polyhedrin promoter. 

45 The newly fonned bacdoviras expression vector is subsequenliy packaged into an infectious recombinant baculovinis. 
Homologous recombination occurs at low frequency ^Jetween about 1% and about 5%); tiius, the majority of the virus produced 
after cotransfection is still wild-type virus. Therefore, a method is necessary to identify recombinant viruses. An advantage of flie 
expressiDn system is a visual soeen allowing recombinant vinises to be distinguished. The poljbedrin protdn, whidi is produced 
by the native vims^ is produced at very high levds in the nuclei of infected cells at late times after viral infection. Accumulalied 

50 polyhedrin protean fwms occlusion bodies that also contain etribedded partides. These occhjacm bodies, up to 15 nm in size, are 
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highly refiadile, givmg them a bright shiny appearance that is readily visualized under the light microscope. Cells infected with 
recombinant vinises lack occlusion bodies. To distinguisli recombinant virus from wild-fype virus, the transfection supernatant is 
plaqued onto a monolayer of insect cells by techniques knovm to those skilled in the art Namely, the plaques are screened under 
flie light microscope for the presence (indicative of wild-type virus) or absence (indicative of recombinant vims) of occlusion 
5 bodies. "Cunent Protocols in Microbiology" Vol. 2 (Ausubel et al. eds) at 16.8 (Supp. 10, 1990); Summers and Smith, supra; 
MiUeretal. (1989). 

Recombinant baculovirus expression vectors have been developed for infection into several insect cells. For example, 
recombinant baculoviruses have been developed for, inter alia: Aedes aegypti , Autographa californica, Bombyx mori, 
DrosopMla melanogaster, Spodoptera fiiigiperda, and Trichoplusia ni (WO 89/046699; Carbonell et al., (1985) J. Virol. 
10 5(5:153; Wright (1986) Nature 527:718; Smith et al., (1983) Mol Cell. Biol. 5:2156; and see generally, Fiaser, et al. (1989) In 
Viti-o Cell. Dev. Biol. 25:225). 

Cells and cell culture media are commercially available for both direct and fiision expression of heterologous pofypeptides in a 
baailoviius/e5q)ression system; cell culture technology is gmeralfy loiown to those skilled in the ait See, eg. Summeis and Smith 
supra. 

15 The maified insect cells nnay ftien be grown in an ^propriate nutrieitf medium, which allows for stable maintenance of the 
pla8mid(s) ptesoit in the modified insect host Whae the eqiiBsaan product gene is under inducible control, the host may be 
gtDwn to high density, and ejpession induced. Alternatively, where expression is constitutive, the product will be continuously 
expressed into the medium and the nutrient medium must be continuously circulated, while removing the product of interest and 
augmenting depleted nutrients. The product may be purified by such techniques as chromatography, eg. HPLC, afSnity 

20 chromatography, ion exchange chromatography, etc.; electrophoresis; density gradient centriiugafion; solvent extractim, etc. As 
appropriate, the product may be further purified, as required, so as to remove substantially any insect proteins which are also 
present in the medium, so as to provide a product which is at least substantially free of host debris, eg. proteins, lipids and 
polysaccharides. 

h order to obtain protem expression, recombinant host cells derived fixm the transfomiants are incubated under conditions which 
25 allow expression of the recomlMnant px)tan encoding sequoice. These conditiQns will vary, dependent upon the host cell 
selected. However, fhe conditions are readily ascertainable to those of ordinary skill in &e ar^ based xipoa what is known in tie 
art. 

iii. Plant Svstans 

There are many plart cell culture and vMs jdant gsneJic ejqsresaon systans known in the ait Exemplary plant cellular gaiBlic 
30 expression systems include those described in patents, such as: US 5,693,506; US 5,659,122; and US 5.608,143. Additional 
examples of genetic expression in plant cell culture has been described by Zenki Phytochemistry 30:3861-3863 (1991). 
Descr^ons of pkint jrotein signal peptides may be found in addition to the references described above in Vaulcombe et ii.,Mol. 
Gen. Genet. 209:33-40 (1987); Chandler et al., Plant Molecular Biobgy 3:407418 (1984); Rogers, /. BioL Chem. 
260:3731-3738 (1985); Rolhstein et al., Gene 55:353-356 (1987); Whitder et al., Nucleic Adds Research 15:2515-2535 
35 (1987); Wirsel et al., Molecular Microbiology 3:3-14 (1989); Yu et al., Gene 122:247-253 (1992). A description of the 
regulation of plant gene expression by the phytdiormDne, gjbberellic acid and secreted en2ymes induced by gibberellic add can 
be found in RJL Jones and J. MadWBBin, Gibbereffins: in: Advanced Plant Physiology,. Malcolm B. Wilkins, ed, 1984 Pitman 
Publishing Limited, London, pp. 21-52. References that describe otha: metabolically-regulated genes: Sheen, Plant Cell, 
2:1027-1038(1990); Maas et al., EMBO J. 9:3447-3452 (1990); Benkel and Hickey, Froc. Natl Acad Sci. 84:1337-1339 
40 (1987). 

Typically, using teclmiques known in the art, a desired polynucleotide sequence is inserted into an expression cassette conprising 
genetic regulatory elements designed for operation in pkints. The expression cassette is inserted into a desired expression vector 
with companion sequences upsbram and downstream from fhe expression cassette suitable for expression in a plant host The 
companion sequences will be of plasmid or viral ori^ and provide necessary characteristics to the vector to pennit the vectors to 

45 move DNA from an original cloning host, such as bacteria, to fhe desired plant host. The basic bacterial/plant vector constmct will 
preferably provide a broad host range prokaryote replication origin; a prokaiyote selectable marker; and, for Agrobacterium 
transformations, T DNA sequences for Agrobacterium-mediated transfer to plant chromosomes. Where the hetaologous gene is 
not readily amenable to detection, the conslmct will preferabfy also have a selectable marker gene suitable for determining if a 
plant cell has been transformed. A general review of suitable mariceis, for exanple for flie members of te grass family, is found in 

50 Wilmink and Dons, \m,PlantMol. Biol Reptr, 11(2):165-185. 
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Sequences suitable for permitting int^tim of flie hrterologous sequence into fte plant genome are also recommended These 
might include tiansposon sequences and the like for homologous recombination as well as li sequences which pemait random 
insertion of a heterologous expression cassette into a plant genome. Suitable prokaiyote selectable markers include resistance 
toward antibiotics such as ampiciErn or tetracycline. Oflier DNA sequences encoding additional ftinctions may also be present in 
5 tlie vector, as is known in the ait 

Hie nucleic acid molecules of the subject invention may be included into an expression cassette for expression of tlie protein(s) of 
interest. Usually, there will be only one expression cassette, alfliough two or more are feasible. He recombinant e}q)ression 
cassette will contain in addition to the heterologous prdein encoding sequence the followiag elements, a promoter region, plant 5' 
untranslated sequences, initiation codon depending upon whether or not the structural gene comes equipped with one, and a 
10 transcription and translation teimination sequence. Unique restriction en2yme sites at the 5' and 3' ends of the cassette allow for 
easy insertion iato a pre-existing vector. 

A heterologous coding sequence may be for any protein relating to the present invention. The sequence encoding the protein of 
interest will encode a signal peptide which allows processing and translocation of the protein, as appropriate, and will usually lack 
any sequence which might result in the binding of the desired protein of the inveodan to a manbrane. Since, for the most part, tlie 

1 5 transcriptional initiatiQn region will be for a gsne which is expressed and trandocated during gemmation, by emfioying the signal 
peptide whidi provides for translocation, one may also provide for translocation of the protein of inteiesL In this way, the 
proliein(s) of inlEtest will be trandocated fiom the cells in which tiiey are expressed and may be efBdenfly harvested. Typically 
secrrfon in seeds are across the alairone or scutellar epithelium layer into flie endospenn of the seed. "While it is not required fliat 
the protein be secreted jBxjm the cells in which the protein is produced, this iacilitates the isoMm and purification of the 

20 recffliibinant protein. 

Since flie ultimate expression of the desired gene product will be in a eucaryotic cell it is desirable to detennine whether any 
portion of the cloned gene contains sequences which will be processed out as introns by the hosts splicosome machineiy. If so, 
site-directed mutagenesis of the "intron" region may be conducted to prevent losing a portion of the gsietic message as a felse 
intran code, Reed and Maniatis, Cell 4 1 :95-105, 1985. 

25 The vector can be microinjected directly into plant cells by use of micropipettes to meclianically transfer the recombinant DNA. 
Crossway, Mol. Gen. Genet, 202:179-185, 1985. The genetic material may also be transfened into tlie plant cell by using 
polyethylene glycol, Krens, et al., Nature, 296, 72-74, 1982. Another method of introduction of nucleic acid segments is high 
velocity ballistic penetration by small particles with the nucleic add either within the matrix of small beads or partides, or on the 
surface, Klein, et al., Nature, 327, 70-73, 1987 and Knudsen and Muller, 1991, Planta, 185:330-336 teaching particle 

30 bombardment of barley endospenn to aeate transgenic barley. Yet anolha: method of introduction would be ftiaon of protoplasts 
wife other entities, either mimcells, cells, lysosomes or other fiisible lipid-snrfeced bodies, Fialey, et aL, Proc. Natl. Acad Set. 
USA,19, 1859-1863, 1982. 

The vector may also be introduced into the plant cells by eledroporatioa ^romm et al., Proc Natl Acad. ScL USA 82:5824, 
1985). In this technique, plant protoplasts are electcopomted in the presence of plasmids containing fee gene constmct Electrical 
35 impulses of high field sIrEJjgfe revasibly pemaeaUlize biomembifflies allowing fee introduction of the plasmids. Hedropotated 
plant protoplasts refomi fee cell wall, divide, and form plant callus. 

All plants from which protoplasts can be isolated and cultured to give whole regenerated plants can be ti-ansfomied by the present 
invention so that whole plants are recovered which contain the transferred gene. It is known that practically all plants can be 
regenerated from cultured cells or tissues, including but not Emited to all major species of sugarcane, sugar beet, cotton, fruit and 

40 oflier trees, legumes and vegetables. Some suitable plants include, for example, species from flie genera Fragaria, Lotus, 
Medicago, Onobiychis, Trifolium, Trigomlla, Vigna, Citrus, Linum, Geranium, Manihot, Daucus, Arabidopsis, Brassica, 
Raphanus, Sinapis, Atropa, Capsicum, Datura, Hyoscyanius, Lycopersion, Nicotiana, Solanum, Petunia, Digitalis, 
Majorana, Cichorium, Helianthus, Lactuca, Brotnus, Asparagus, Antirrhinum, Hererocallis, Nemesia, Pelm-gonium, 
Panicum, Pennisetum, Ranunculus, Senecio, Salpiglossis, Cucumis, Browaalia, Glycine, Lolium, Zea, Triticum, Sorghum, 

45 Datura. 

Means for regeneration vary from species to species of plants, but generally a suspension of tiaisformed protoplasts containing 
copies of the heterologous gene is first provided. Callus tissue is formed and shoots may be induced finm callus and subsequenfly 
rooted. Alternatively, embryo fonnation can be induced from 1fae protoplast suspension. These embryos germinate as natural 
enibryos to fomi plants. The culture media will generally coiiain various amino adds and homiones, sudi as auxin and cytokinins. 
50 It is also advantageous to add glutamic add and proline to fee medium, especially for such species as com and alfelfa. Shoots and 
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roots normally develop simultaneoiisfy. Effident i^aneration will dqpaid on fte medhitn, on the genolype, and on the liistoiy of 
the culture. If these three variables are controlled, then regenaation is My reproducible and repeatable. 
In some plant ceD culture systems, the desired protein of the invention may be excreted or alternatively, the protein may be 
extracted fcom the whole plant Where the desired protein of the invention is secreted into the medium, it may be collected. 
5 Alternatively, the embryos and embryoless-half seeds or other plant tissue may be meclianically disrupted to release any secreted 
protein between cells and tissues. The mixture may be suspended in a buffer solution to retrieve soluble proteins. Conventional 
piotan isolation and pnrificatioa mefliods will be then used to purify the leaaribinant proteia Paiameteis of time, temperature pH 
axygen, and vdumes wHl be adjusted thimgh routine medKxls to qpfiinize e^qpresdon and recovery of hetanlogous protda 
iv. Bacterial Svstaa3s 

10 Bacterial expression techniques are known in the art A bacterial promoter is any DNA sequence capable of binding bacterial 
KNA polymerase and initialing ftie downstream (3') transcription of a coding sequence ^g. stractural gene) into mRNA. A 
promoter will have a transcription initiatim region vAadk is usually placed proximal to the 5' end of the codir^ sequence. This 
transcription initiation region usually includes an RNA polymerase binding site and a transcriptiou initiation site. A bacterial 
promoter may also have a second dommn called an operator, that may overiap an adjacent RNA polymerase binding site at 

15 viiiidi RNA synthesis begins. Hie operator permits negative regulated (inducMe) transcription, as a gene repressor protein may 
hind the operator and thereby inhibit transcription of a specific gene. Constitutive ejq^ression may occur in the absence of negative 
leguiataty elements, such as the operator. In addition, positive regulation may be achieved by a gene activator protein binding 
sequence, which, if present is usually proximal (5) to tlie RNA polymerase bindii^ sequaice. An example of a gene activator 
protein is the catabolite activator protein (CAP), wMch helps imtiate transcriptian of the lac opercm in Eschaichia coll ^cdi) 

20 [Raibaud et al. (1984) Annu. Rev. Genet. 75:173]. Regulated esqaession may fherefore be either positive or n^ve, ftereby 
either enhancing or redudng transcripfioa 

Sequences encoding metabolic pathway enzymes provide particulari.y useM promoter sequences. Exanqjles include promoter 
sequences derived fix)m sugar metabolizing enzymes, such as galactose, lactose ({ac) [Chang et d. (1977) Nature /PS:1056], 
and maltose. Additional examples inchide promoter sequences derived fiom biosynthetic enzymes such as tryptophan (ftp) 
25 [Goeddel et al. (1980) Nuc. Acids Res. 5:4057; Yelverton et al. (1981) Nucl. Acids Res. P:731; US patent 4,738,921; EP-A- 
0036776 and EP-A-0121775]. The g-laotamase (bid) promoter system [Weissmann (1981) "The cloning of interferon and other 
mistakes." Li Interferon 3 (ed. L Gresser)], bacteriophage lambda PL [Shimatake et al. (1981) Nature 292:m] and T5 [US 
patent 4,689,406] promoter systems also provide usefiil promoter sequences. 

In addition, synthetic promoters which do not occur in nature also fimction as bacterial promoters. For example, transcription 
30 activation sequences of one bacterial or bacteriophage promoter may be joined with the opaon sequences of another bacterial or 
bacteriophage promoter, creating a synthetic hybrid promoter [US patent 4,551,433]. For example, tlie tec promoter is a hybrid 
trp-lac promoter conprised of both trp promoter and lac qjeron sequences that is regulated by the lac repressor [Amann et al. 
(1983) Gene 25:167; de Boer et d. (1983) Proc. Natl. Acad. ScL 50:21]. Furthermore a bacterial promoter can include 
naturally occurring promotes of non-bacterial origin that have flie ability to bind bacterial RNA polymerase and imtiate 
35 transcription. A nattffaDy occuning promoter of non-bacterial origin can also be coupled with a compatible RNA polymaase to 
produce high levds of expession of some genes in jxokaiyotes. Hie bacteriophage T7 RNA polymerase^iromoter sy^sm is an 
example of a coupled promoter system [Studiae/ al. (1986) J. MoL Biol ;5P:1 13; Tabor et d. (1985) Proc Natl Acad ScL 
52:1074]. In addtion, a Iq^brid promoter can also be conprised of a bacteriophage promoter and an E.coli operator region 
CEPO-A-0 267 851). 

40 In addition to a fiinctioning promoter sequence, an efficient ribosome binding site is also usefiil for the ejpession of foreign genes 
in prokaryotes. In E.coli, the ribosome binding site is called the Shine-Dalgamo (SD) sequence and indudes an initiation codon 
(ATG) and a sequence 3-9 nucleotides in length located 3-11 nucleotides upstream of the initiation codon [Shine et al. (1975) 
Nature 25'^:34]. The SD sequence is thought to promote binding of mRNA to ftie xixmms by the pairing of bases between the 
SD sequence and the 3' and of E.coli 16S rRNA [Steitz et d. (1979) "Genetic signals and nucleoticfe sequences in messenger 

45 RNA." hi Biological Regulation and Development: Gene Expression (ed. RJF. Goldberger)]. To ejqjress eukaryotic genes 
and prolcaryotic genes with weak ribosome-landii^ site [Sandjrook et d. (1989) "Ejqjression of cloned genes in Escherichia 
coli." ^Molecular Cloning: A Laboratoiy Manual\. 

A DNA molecule may be e}q)ressed intracellulariy. A promoter sequmce may be directly linked with the DNA molecule, in which 
case the first amino acid at flie N-tenninus will always be a methionine, which is encoded by the ATG start codon. If desired, 
50 methionine at the N-tenrinns may be deaved fiom the protein by in vitro incubation with cyanogen bromide or by either in vivo 
m in vitro incubation wifli a bacterial methionine N-terminal peptidase (EP-A-0 219 237). 
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Fusion proteins provide an alternative to direct expession. Usually, a DNA sequence encoding the N-temdnal portion of an 
endogenous bacterial protein, or other stable protein, is feed to flie 5' end of heterologous coding sequences. Upon expression, 
this construct will provide a fcion of the two anmo add sequences. For example, the bacteriophage lambda cell gene can be 
linked at the 5' terminus of a foreign gene and expressed in bacteria. Hie resulting fusion protein preferably retains a site for a 
5 processing enzyme (factor Xa) to cleave the bacteriophage protein from the foreign gene [Nagai et al. (1984) Nature 30P:810]. 
Fusion proteins can also be made with sequences from the lacL [Jia et al. (1987) Gene 50:197], trpE [Allen et al. (1987) J. 
Biotechnol. 5:93; Makoflfe/ al. (1989) J. Gen. Microbiol US-.W], and Chey [EP-A-0 324 647] genes. The DNA sequence at 
the junction of the two amino add sequences may or may not encode a cleavable site. Another example is a ubiquitin fiision 
protein. Such a feion protein is made with the ubiquitin region that preferably retains a site for a processing enzyme ^g. ubiquitin 
1 0 specific processing-protease) to deave the ubiquitin from the foreign potein. Through this method, native foreign protein can be 
isolated [Miller et al. (1989) Bio/Technology 7:698]. 

Alternatively, foreign proteins can also be seaeted from flie cell by creating diimeric DNA molecules that encode a &sion protein 
comprised of a signal peptide sequence fragment that provides for seoKtion of flie foreign protein in bacteria [US patent 
4,336,336]. Tlie signal sequence fragment usually encodes a signal peptide coirpised of hydrqihobic amino adds which direct 
15 the secretion of the protein from the cell The protein is either seaeted into the growth media (gram-positive bacteria) or into the 
periplasmic ^ace, located between flie innar and outer membrane of flie cell ^jam-negative bacteria). Preferably there are 
procesang sites, which can be cleaved dflia in vim or in vitro encoded betweoi flie signal peptide fragment and tiie foragn 
gaie. 

DNA encoding suitable sigml sequences can be derived from genes for secreted bacterial proteins, such as the Kcoli outer 
20 membrane protein gene (pmpA) [Masui et al. (1983), in: Experimental Manipulation of Gene Expression; Ghrayeb et al. 
(1984) EMBO J. 5:2437] and flie E.coli alkaline jJiosphatase agnal sequence ^hoA) [Oka et al. (1985) Proc. Natl. Acad. 
Sci. 52:7212]. As an additional example, flie s^nal sequence of flie alpha-am)4ase gene from various Badllus strains can be used 
to secrete heterologous proteins from B. subtilis [Pah/a et al. (1982) Proc. Natl. Acad. ScL USA 7P:5582; EP-A-0 244 042]. 
Usually, transcription temiination sequences recognized by baderia are regulatory regions located 3' to flie translation stop codon, 
25 and flajs togdher with flie promoter flank flie coding sequaice. These sequences dired the transcription of an mRNA which can 
be translated into flie polypeptide encoded by ttie DNA. Transoription temiination sequences frequenfly include DNA sequences 
of about 50 nucleotides capable of fonning stem loop straduies fliat aid in temiinating transcription. Examples include 
transcription temiination sequences derived from genes wifli strong promoters, such as the ^rp gene in E.coli as well as oflier 
bio^niflietic genes. 

30 Usually, flie above described components, comprising a promoter, signal sequence (if desired), coding sequence of mterest, and 
lianscriptiQn temiination sequence, are put togeflier into expression constructs. Expression constmcts are often mairtained in a 
replicon, sudi as an extrackomosomal element plasmids) capable of stable maintenance in a host, such as bacteria. The 
repHcon will have a replication system, flius allowing it to be maintained in a prokaryotic host either for expression or for cloning 
and amplification, hi addition, a replicon may be either a high or low cofy number plasmid. A high copy number plasmid -will 

35 generally have a copy number ranging from about 5 to about 200, and usually about 10 to about 150. A host containing a high 
copy number plasmid will preferably contain at least about 10, and more preferably at least about 20 plasmids. Eitlier a high or 
low copy number vector may be selected, depending upon flie elFed of flie vedor and flie foreign protein on the host 
Alternatively, flie expression constracts can be integrated into flie bacterial genome witii an integrating vector, htegrating vectors 
usually contain at least one sequence homologous to ttie bacterial diromosome fliat allows flie vector to integrate. Integrations 

40 appear to r^t from recombinations between homologous DNA in flie veclor and flie bacterial diromosome. For exanple, inte- 
grating vectors constracted wifli DNA from various Badllus strains integrate into flie Bacillus diromosome (EP-A- 0 127 328). 
Integrating vectors may also be comprised of bacteriophage or tiansposon sequoices. 

Usually, Qcttachromosomal and integrating expression constmcts may contain selectable markers to allow for the selection of 
bactoial strains fliat have been transfomied. Sdectable maikers can be e!q)ressed in flie bacterial host and may include genes 
45 whidi render bacteria resistant to drags sudi as ampidllin, chloKonteiicol, eryfliromydn, kanaraydn (neomydn), and 
tetracydine [Davies et al. (1978) Annu. Rev. Microbiol. 52:469]. Selectable mariceis may ak) mchide biosynflietic genes, such 
as fliose in flie histidine, tryptophan, and leucine biosynftidic pafliways. 

Alternatively, some of the above desaribed continents can be put togeflier in transfomiation vedors. Transfomiation vedors are 
usually comprised of a selectable markd fliat is eiflio: maintained in a rqilicon or developed into an integrating vector, as 

50 described above. 
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Expression and transformation vectors, either extra-chromosomal replicons or integrating vectors, have been developed for 
transformation into many bacteria. For example, expression vectors have been developed for, inter alia, the following bacteria: 
Bacillus subtnis [Palva et al. (1982) Proc. Natl. Acad. Set. USA 79:5582; EP-A-0 036 259 and EP-A-0 063 953; WO 
84/04541], Escherichia coli [Sliimatake et al. (mi) Nature 2P2:128; Amanne/ al. (1985) Gem 40:m; Stadier et al. (1986) 
5 J. Mol. Biol, mm; EP-A-0 036 776^P-A-0 136 829 and EP-A-0 136 907], Streptococcus cremoris [PoweU et al. (1988) 
AppL Environ. Microbiol. 54:655]; Streptococcus lividans [Powell et d. (1988) Appl Environ. Microbiol. 54:65S\, 
Streptomyces lividans [US patent 4,745,056]. 

Methods of introducing exogenous DNA into bacterial hosts are well-kno\vn in the ait, and usually include either the 
transformation of bacteria treated with CaQ or other agents, such as divalent cations and DMSO. DNA can also be introduced 

10 into bacterial cells by electroporatioa Transformation procedures usually vary with the bacterial species to be transformed. See 
eg. [Masson et al (1989) FEMS Microbiol. Lett. 60:212; Palva et al. (mi) Proc. Natl Acad. Sci. USA 79:5582; EP-A-0 
036 259 and EP-A-0 063 953; WO 84/04541, Bacillus], [Miller et al. (1988) Proc. Natl Acad Sci. 55:856; Wang et al. 
(1990) J. Bacterial. 772:949, Campylobacter], [Cohen et al. (1973) Proc. Natl Acad Sci. 69:2110; Dower et al. (1988) 
Nucleic Acids Res. 16:6121; Kudmer (1978) "^i infioved method for transformation of Escherichia coli with ColEl-derived 

1 5 plasmids. In Genetic Engineering: Proceedings of the International Symposium on Genetic Engineeiing (eds. H.W. Boyer 
and S.Mcosia);Mandel et al. (1970) J. MoL Biol. 55:159; Taketo (1988) Biochim. Biophys. Acta 949:m, Escherichia], 
[Chassy et al. (1987) FEMS Microbiol. Lett 44:113 Lactobacillus]; [Fiedler et al. (1988) Anal. Biochem 170:1%, 
Reudomonas]; [Auguslin et al. (1990) FEMS Miavbiol. Lett 66m, Staphylococcus], [Barany et al. (1980) J. Bacteriol. 
144\(8i\ Hariander (1987) 'Tiansformation of Streptococcus ladis by decfrqporation, in: Streptococcal Genetics (ed. J. 

20 Fenetti and R. Curtiss ID); Paiy et al. (1981) Infect Immm. 52:1295; Powell ef al. (1988) AppL Environ. Microbiol 
54:655; Somkuti et d. (1987) Proc. 4th Evr. Cong. Biotechnology i:412, Streptococcus]. 
V. Yeast Expression 

Yeast ejqjression systems are also known to one of ordinary skill in lie art. A yeast ptomoter is ai^' DNA sequence capable of 
binding yeast RNA polymerase and initiating the downstream (3) ttanscriplion of a codiDg sequence ^g. stradural gene) into 

25 mRNA. A promoter ■wdll have a transcription initiation region which is usually placed ptojdmal to the 5' end of the coding 
sequence. IWs ttansa?)tion initiation region usually includes an RNA polymerase hindiag site (the 'TATA Box") and a 
transcription initiation site. A yeast promoter may also have a second domain called an rpstteam activator sequence (UAS), 
wbidi, if present is usually disbd to the stnictural gene. The UAS permits regulated CbdudHe) expiessiQa Constititive e}q)ression 
occurs in the absence of a UAS. Regulated ejqjressiQn may be either positive or negative, therd)y eiliier enhancing or reducing 

30 transcription. 

Yeast is a femienting organism with an active metabolic pathway, therefore sequences encoding enzymes in the metabolic 
pathway provide particularly usefid promoter sequences. Exanples include alcohol dehydrogenase (ADH) (EP-A-0 284 044), 
enolase, glucokinase, glucose-6-phosiAate isomerase, glyceialddiyde-3-phosphate-dehydrogenase (GAP or GAPDH), 
hexokinase, phosphofiuctokinase, 3-phosphoglycetate mutase, and pyravate kinase (PyK) (EPQ-A-0 329 203). The yeast 
35 PH05 gene, encoding add phospibatase, dso provides usefiil promoter sequences [Myanohara et al. (1983) Pjvc Natl Acad. 
Sci. USA 80:1]. 

In addition, synthetic promoters which do not occur in nature also fimction as yeast ptamoleis. For exanple;, UAS sequences of 
one yeast promoter may be j(Mned with the transoption activation region of another yeast pomoter, aeating a synthetic hybrid 
promoter. Exanq[ies of such hybrid promoters include the ADH i^ulatoiy sequence linted to the GAP transcription activation 

40 region (US Pataot Nos. 4,876,197 and 4,880,734). Other examples of hybrid promoters include promoters which consist of the 
r^aloiy sequaices of eifherthejlDffi, GAL4, GALIO, OR PH05 genes, conJjined with the ttansadptional activalion region 
of a glycolylic enzyme gene such as GAP or PyK (EP-A-0 164 556). FurHietmore, a yeast promoter can include naturally 
ocaaring promoters of non-yeast origin that have flie ability to bind yeast RNA polymerase and initiate transcription. Examples of 
such promoters include, inter dia, [Cohen et al. (1980) Proc. Natl. Acad Sci. USA 77:1078; HenikoflFe/ al. (1981) Natwe 

45 255:835; HoUenberg et al. (1981) Curr. Topics Microbiol Imnmnol 96:W; HoUenbeig et al (1979) "The Expression of 
Bacterial Antibiotic Resistance Genes in flie Yeast Saccharomyces cerevisiae," in- Plasmids of Medicd, Environmental and 
Commercial Importance (eds. KN. Timmis and A. PuHer); Mercerau-Puigalon et d. (1980) Gene 11:163; Panthier et d. 
(1980) Cmh-. Ge«e?. 2:109;]. 

A DNA molecule may be e3q)ressed intracellulariy in yeast A promoter sequence may be directly linked with the DNA molecule, 
50 in which case the first amino add at the N-tenninus of flie reconihinant protein will always be a methionine, which is encoded by 
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the ATG start codon. If desired, methionine at the N-temiinus may be deaved fiom the protein by in vitro incubation with 
cyanogen bromide. 

Fusion proteins provide an alternative for yeast e}q)ression systans, as weD as in mammalian, baculoviius, and bacterial 
expression systems. Usually, a DNA sequence encoding the N-temainal portion of an endogenous yeast protdn, or other stable 
5 protein, is feed to the 5' end of heterologous coding sequences. Upon eq)iession, this constmct will provide a fiision of flie two 
amino add sequences. For exairple, the yeast or human superoxide disrautase (SOD) gene, can be liriied at flie 5' tacminus of a 
foreign gene and expressed in yeast The DNA sequence at the junction of the two amino acid sequences may or may not encode 
a cleavdjle site. See eg. EP-A-0 196 056. Another example is a ubiquitin fiision protein. Such a fiision protein is made with the 
ubiquitin region that preferably retains a site for a processing enzyme ^g. ubiquitin-specific processing protease) to cleave the 

1 0 ubiquitin fi:om the foreigo protein. Through this method, therefore, native foreign protdn can be isolated (eg. WO88/024066). 

Alternatively, foreign protdns can also be secreted fiom the cell into the growth media by aeating chinneric DNA molecules that 
encode a fiision protein comprised of a leader sequence fiagment that provide for secretion in yeast of the foreign protein. 
Preferably, there are processing sites encoded b^en the leader jBagmeat and flie fiaeiga gene fliat can be cleaved either w mo 
or in vitro. The leader sequence fiagment usually encodes a signal peptide comprised of hydrophobic amino adds which direct 

15 the secretion ofthe protein fi-om the cell 

DNA encoding suitable signal sequences can be derived firom genes for secreted yeast proteins, such as the yeast invettase gene 
(EP-A-0 012 873; JPO. 62,096,086) and the A-factor gene (US patent 4,588,684). Alternatively, leaders of non-yeast origin, 
such as an interferon leader, exist that also provide for secretion in yeast (EP-A-0 060 057). 

A prefaied dass of secretion leaders are fliose that enploy a fiagment of the yeast alifct-factor gene, which contains both a "pie" 
20 signal sequence, and a "pro" region. The types of al^-fector fiagmente 4at can be enqjbyed include flie fiill-lengfli pr&-pro 
alpha fiictor leader (about 83 amino acid residues) as weU as tnincated alpha-fitctor leaders (usually about 25 to about SO amino 
add leadues) (US Patents 4,546,083 and 4,870,008; EP-A-0 324 274). Additional leaders en^jlqying an alpha-factor leader 
fiagment fliat jrovides for secretion include hybrid alpharfador leadeis made wifli a presequaice of a first yeast, but a pronsgion 
fi:om a second yeast alphafactor. (eg. see WO 89/02463.) 
25 Usually, transcription termination sequences recognized by yeast are regulatory regions located 3' to the translation stop codon, 
and thus together with the promoter flank flie coding sequence. These sequences direct the transcription of an mRNA which can 
be tianslated into flie polypeptide encoded by tiie DNA. Examples of ti:anscription terminator sequence and oflier yeast- 
recognized teraunation sequences, such as fliose coding for glycolytic enzymes. 

Usually, file above described components, comprising a promoter, leader (if desired), coding sequence of interest, and 
30 transcription tomination sequence, are put togeflier into expression constiucts. Expression constnicts are often naaintained in a 
replicon, sudi as an extiachromosomal element (eg. plasmids) capable of stable maintenance in a host, such as yeast or bacteria. 
The replicon may have two replication systems, flius allowing it to be maintained, for example, in yeast for expression and in a 
prokaryotic host for cloning and amplification. Exanples of such yeast-baderia shuttle vedoi-s include YEp24 [Botstein et al 
(1979) Gene 5:17-24], pCyi [Brake et al. (1984) Proc. Natl Acad. Sci USA «:4642-4«6], and YRpl7 [Stinchcomb et al. 
35 (1982) J. Mol. Biol. 755:157]. In addition, a repHcon may be eitiier a high or low copy number plasmid. A high copy number 
plasmid will generally have a copy number rauging fiom about 5 to about 200, and usually jfcout 10 to about 150. A host 
containing a liigh copy number plasmid will preferably have at least about 10, and mae preferably at least about 20. Enter a high 
or low cq)y number vedor may be sdected, depending upon flie effed of flie vector and the foreign protein on tiie host See eg. 
Brake et al, supra. 

40 Altexoativdy, flie e!q>ressiQn constnicts can be integrated into the yea^ gaxme wifli an iategrating vedor. hdegrating vectors 
usually contain at least one sequoice homologous to a yeast chromosome fliat allows flie vedor to integrate, and preferably 
contain two homologous sequoices flanking flie eiipession consbuct Integrations appear to result fixim recombinations between 
homologous DNA in tiie vector and flie yeast diromosome [Qn:-Weaverei a/. {l9^)Methods in Enzymol iW.228-245]. An 
integrating vedor may be direded to a spedfic locus in yeast by sdecting flie jppropriate homdogous sequence for incluaon in 

45 flie vedor. See Orr-Weaver et al, supra. One or more expression conshud may integrate, possibly affecting levels of 
reconianant protdn produced [Rine et al (1983) Proc Natl Acad. Sci USA 5ft6750]. The chromosomal sequences included 
in flie vedor can occur dflier as a sii^e segmait in flie vector, whidi results in flie integKiion of flie entire vector, or two 
sweats homologous to adjacent segmaits in flie chromosome and flanking flie eigsession consbud in flie vector, which can 
result in flie stable int^ration of only flie expression constrad. 
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Usuafly, extradnomosomal and int^ratmg expression constracts may cantain sdectable madcers to allow for flie sdection of 
yeast strains that have been transfotmed. Selectable madseis may indude biosynthetic genes that can be expressed in the yeast 
host, such as ADE2, HIS4, LEU2, TRPl, and ALG7, and the G418 resistance gene, which confer resistance in yeast cells to 
tunicanQ^dn and G418, respecfiv^. In addition, a suitable selectable madssa: may also pavide yeast wiBi the abi% to grow in flie 
5 presence of toxic compounds, such as metal. For exan^jle, the presence of CUPl allows yeast to grow in the presence of copper 
ions [Butted al. {1%!) Microbiol, Rev. 57:351]: 

Alternatively, some of the above described conponoits can be put togdha: into ttansftjtmation vectors. Transformation vectors 
are usually comprised of a selectable marker fliat is either maintained in a iq)licon or devdoped into an integrating vector, as 
described above. 

10 Expression and tiansformation vectors, either extradiromosomal replicons or integrating vectors, have been developed for 
ttansformation into many yeasts. For example, expression vectors have been developed for, inter alia, the following 
yeasts:Candida albicans [Kurtz, et al. (1986) Mol. Cell. Biol. 6:142], Candida maltosa pCunze, et al. (1985) J. Basic 
Microbiol. 25:141]. Hansenula polymoqjha [Gleeson, et al. (1986) J. Gen. Microbiol 752:3459; Roggenkamp et al. (1986) 
Mol Gen. Genet. 202:302], Kluyveromyces ftagilis Pas, et al. (1984) J. Bacterial 755:1165], Kluyveromyces lactis [De 

15 Louvencourt et al (1983) J. Bacterial 154:731; Van den Berg et al (1990) Bia/Technalagy 8:135], Pidiia guillerimondii 
pCunze et al (1985) J. Basic Microbial 25:141], Picliia pastoiis [Cregg, et al (1985) Mol Cell Biol 5:3376; US Patent 
Nos. 4,837,148 and 4,929,555], Saccharomyces cerevisiae [Hinnene/ al (1978) Proc. Natl Acad. ScL USA 75:1929; Ito et 
al (1983) J. Bacterial 755:163], Scluzosaccharomyces pombe [Beach and Nurse (1981) Nature 300:706], and Yarrowia 
lipotytica [Davidow, et al (1985) Cm: Genet 70:380471 Gaillardin, et al (1985) Cmr. Genet. 70:49]. 

20 Methods of intiodudng exogenous DNA into yeast hosts are well-known in ftie ar^ and usually include dther the transfonnation 
of s[teoplasts or of intact yeast cdls treated with alkali caticms. Tiansfonnation procedures usually vary with the yeast spedes to 
be transformed. See ^. [Kmtz et d. (1986) Mol Cdl Biol 5:142; Runze et al. (1985) J. Basic Microbiol 25:141; Candida]; 
[Qeeson et al (1986) J. Gen. Microbiol 752:3459; Roggaikamp et al (1986) Mol Gen. Genet 202:302; Hansenula]; [Das 
et al (1984) J. Bacterial 755:1165; De Louvencourt et al (1983) J. Bacterial 154:1165; Van den Berg et al (1990) 

25 Bia/Technohgy 8:135; KliqrveraKyces]; [Cregg d al (1985) Mol CeH Bial 5:3376; Knnze et al (1985) J. Basic Micwbiol 
25:141; US Patent Nos. 4,837,148 and 4,929,555; Pidna]; pfinnen et al (1978) Proc. Natl Acad. Sci. USA 75;1929; Ito et 
al (1983) J. Bacterial 755:163 Sacdiaromyces]; [Beach and Nuise (1981) Nature 500:706; Schizosaccharomyces]; 
Pavidow et al (1985) Cun: Genet 70:39; Gaillardin et al (1985) Cm: Genet 70:49; Yarrowia]. 
Antibodies 

30 As used herein, the term "antibod/' refers to a polypeptide or group of polypeptides composed of at least one antibody 
combining site. An "antibody combining site" is the three<iimensioDal binding space with an internal surfece shape and charge 
distiibution complementary to the features of an epitope of an antigen, wliich allows a binding of the antibody with the antigen. 
"Antibody" includes, for exanple^ vertebrate antibodies, hybrid antibodies, chimeric antibodies, humanised antibodies, altered 
antibodies, univalent antibodies, Fab protdns, and single domain antibodies. 

35 Antibodies agairist the piotdnsoflheiiiventian are useM for afSnitydiiamatogra^^ 
streptococcus poteins. 

Antibodies to the proteins of the invention, bofli polydonal and monoclonal, may be p!q)aied by conventional methods, b 
general, flie protein is first used to imraunize a suitable animal, preferably a moise, lat, rabbit or goat. Rabbits and goats are 
prefensd for flie preparation of polydonal saa due to the volume of semm obtainable, and fiie avaiMaUy of labeled anttrabbit 

40 and anttgoat aiitibodies. Lnmunization is general^ performed by mixii^ or emulafying the protein in saline, peferably in an 
adjuvant such as Freund's conplete at^'uvant; and ii^ecting the mixture or emulsion parentetally (generally subcutaneously or 
intrarausculaify). A dose of 50-200 {Jg^qection is lypcally suffidenL Immunization is generally boosted 26 wedcs later with one 
or nxME iqections of flie protein in saline, preferably usirg Freund's incaaplete adjuvant One may altemativefy generate 
antilxxlies by in viho immunization usmg mefliods known in flie ait, which for flie puiposes of fliis invention is considered 

45 equivalent to in viva immunization. Polyclonal antisera is obtained by bleeding flie immunized animal into a glass (x plastic 
container, incubating the blood at 25°C for one hour, followed by incubating at 4?C for 2-18 hours. The semm is recovered by 
centri&gation {eg. l,000g for 10 minutes). About 20-50 ml per bleed may be obtained from rabbits. 
Monoclonal antibodies are prepared usmg the standard mdhod of Kohler & Mflstdn pVafore (1975) 256:495-96], or a 
modification tiiereof Typically, a mouse or rat is immunized as described above However, rather than bleeding the animal to 

50 exbact serum, flie spleen (and optionally several large lymph nodes) is removed and dissodated into single cells. If desired, flie 
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spleai cells msy be soeoied (afiier remcral of nonspedficalfy adheient cells) by spi^ag a cell suqjenaon to a plate or well 
coated wilJi the protein antigai. &cells expressing membianfrtamd imiMmq^obtdin specific for flie antigen bind to the plate, and 
are not rinsed away wifii the lest of &e su^ension. Resulting Bcells, or all dissociated ^lera cells, are then induced to fiise wifli 
n^doma cells to fcnm hybridomas, and are cultured in a sdective medium hypoxanthin^ aminqjimi, %midine medicsn, 
5 "HAr"). The resulting hybridranas are plated by limiliDg diMon, and are assayed for production of antibodies whidi bind 
spedfically to flie imraumzmg antigen (and whidh do not bind to vmtelated antigens). The sdected MA1>secreting l^donas are 
then cultured either mwfro (eg. in tissue culture botfles or hollow fiberreactors),or/n wo (as asdtesinmice). 
If desired. Hie antibodies (whether polyclonal or monoclonal) may be labeled using conventional techniques. Suitable labels 
include fluorophores, cliromophores, radioactive atoms (particular^ ^¥ and '^1), electrorhdense reagents, en2ymes, and Hgands 

1 0 having specific binding partnere. Enzymes are typically detected by their activity. For exannple, horseradish peroxidase is usually 
detected by its ability to convert 3,3',5,5'-tetramethylbenzidine (IMB) to a Wue pgment, quantifiable willi a spectrophotometer. 
"Specific binding partnef ' refers to a protein capable of binding a l^and mdecule with high spedfidty, as for example in the case 
of an antigen and a monoclonal antibody specific therefor. Other qredfic binding partners include biotin and avidin or streptavidin, 
IgG and protein A, and the numerous teceptor-Iigand couples known in the art It should be understood that the above 

15 description is not meant to categorize the various labels into distinct classes, as the same labd may serve in several different 
modes. For example, '^^I may serve as a radioactive label or as an electron-dense reagent HRP may serve as enzyme or as 
antigen for a MAb. Further, one may combine various labels for desired effect For example, MAbs and avidin also require labels 
in the practice of this invention: thus, one might label a MAb with biotin, and detect its presence with avidin labeled with '^^I, or 
wifli an anti-biotin MAb labeled with HRP. Other permutaticajs and possibilities will be readily apparent to those of ordinary skill 

20 in the art, and are considered as equivdentswifhia the scope of the instant inventioa 
Pharmaceutkal Compositiom 

Phannaceutical compositions can comprise either pdypqptides, antibodies, or nucteic add of tbe inventioa The phaonaceutical 
cQn:p)sitiQns will canpise a therapeutical^ effective amount of either polypeptides, antibodies, or polynudeotides of the claimed 
inventicai. 

25 The term "therapeutically effective amounf as used herein refers to an amount of a fterapeutic agent to teat, ameliorate, or 
prevent a desired disease or condition, or to exhibit a detectable therapeutic or preventative effect. The effect can be detected by, 
for exanple, diemical markers or antigai levels. Thaapeutic effects also indude reducticai in physical synptoms, such as 
decreased body temperahire. The predse effective amount for a subject wfl depend upon the suljerfs aze and health, the nahae 
and extent of the conditicxi, and tbe therapaitics or cotnbinatiDn of therapeutics sdected for adminisbation. Thus, it is not usefiil to 

30 specify an exact effective amount in adrance. However, tiie efifective amount for a given situation can be detantnined by routine 
experimentation and is within the judgement of ttie cliniciaa 

For purposes of tire present invention, an effective dose will be from about 0.01 m^ 1^ to 50 mg/kg or 0.05 mg/kg to about 10 
mglcg of tire molecule of the invention in tiie individual to vAidi it is administered. 

A pharmaceutical composition can also contain a pbarmaceutically acceptable carrier. The tenn "pliarmaceutically acceptable 
35 earner" refers to a carrier for administration of a therapeutic agent, such as antibodies or a polypeptide, genes, and otiier 
tiierapeutic agents. The tenm refers to any phannaceutical carrier that does not itself induce the production of antibodies harni&l to 
tiie individual receiving flie composition, and which may be administoed without undue toxidty. Suitable carriers may be large, 
slowly metabolized macromolecules such as proteins, polysaccharides, polylactic acids, polyglycolic adds, polymeric anmo adds, 
amino acid copolymers, and inactive virus particles. Such carriers are well known to those of ordinary skill in tiie art. 
40 Pbarmaceutically acceptable salts can be used therein, for example, mineral acid salts such as hydrochlorides, hydrobromides, 
phosphates, sulfates, and the like; and flie salts of organic acids such as acetates, prc^ionates, malonates, benzoates, and the like. 
A thorough discussion of pharmaceutically acceptable excipienis is available in Remington's Phannaceutical Sciences (Mack Pub. 
Co., N.J. 1991). 

Pliaimaceutically acceptable carriers in therapeutic compositions may contain liquids such as water, saline, glycerol and ethanol. 
45 Additionally, auxiliary substances, such as wetting or emulsifying agents, pH buffering substances, and the like, may be present in 
such vehicles. Typically, the tiierapeutic compositions are prepared as iqedables, either as liquid solutions or suspensions; solid 
forms smtable for solution in, or suspension in, liquid vehicles prior to injection may also be prq3ared. liposomes are included 
within the definition of a pharmaceutically acceptable carrier. 



wo 02/34771 



PCT/GBOl/04789 



-21- 

Deliverv Methods 

Once formulated, the compositions of the invention can be administered directly to the subject Hie subjects to be treated can be 
animals; in particular, human subjects can be treated. 

Direct deHveiy of the compositicJis will generally be accomplished by injection, either subcutaneously, intraperitoneaEy, 
5 intravaiously or intramuscularly or delivered to the interstitial space of a tissue. The compositions can also be administered into a 
lesion. Other modes of adrainisttation include aal and puhnonary administration, suppositories, and transdermal or transcutaneous 
applications (eg. see WO98/20734), needles, and gene guns or hyposprays. Dosage treatment may be a single dose schedule or 
a multiple dose sdiedule. 
Vaccines 

1 0 Vaccines according to the invention may dfher be prophylactic ^e. to prevent infection) or thaapeutic (ie. to treat disease after 
infection). 

Such vaccines comprise immunisirig anligen(s), immunogenCs), polypq)tide(s), profeinCs) or nucleic add, usually in combination 
with "i*armaceutically acceptable earners," whidi include aiiy canier fliat does not itself induce the production of antibodies 
harmfijl to flie individual recaviug the conation. Suitable canias are typcally kge, slowly metabolized macromolecules sudi 

1 5 as proteins, polysaccliarides, polylactic adds, polygfycoEc adds, polymaic amino adds, amino acid copolymers, lipid aggregates 
(such as oil droplets or liposomes), and inactive virus particles. Such carriers are wdl known to those of ordinaiy skill in flie art 
Additionally, these carriers may iimction as immunostimulating ageuls ("adjuvants"). Furfliomore, tiie antigen or immunogen may 
be conjugated to a bacterial toxoid, sudi as a toxoid fiwm diphtheria, tetanus, diolera,ii pylori, etc. pathogens. 
Preferred adjuvants to enhance effectiveness of the conposition indude, but are not limited to: (1) oil-in-watsr emulsion 

20 formulations (with or without other specific imraunostimulatirjg agails such as mutamyl peptides (see bdow) or bacterial cell wall 
components), such as for example (a) MF59™ (W09(yi4837; Chapter 10 in Vaccine Design - the submit and adjuvant 
approach (1995) ed. Powell & Newman), containing 5% Squalene, 0.5% Tween 80, and Oi% Span 85 (opticiially containing 
MIP-PE) fonnulated into submiaon particles using amiaoMdizer, (b) SAF, containing 10% Squalane, 0.4% Tweai 80, 5% 
pluronic-blocked polymer L121, and tiir-MDP either microfluidized into a submiaon emiilsion or vartexed to generate a larger 

25 particle size emulsion, and (c) Rib™ adjuvant system (RAS), ^Riiri ImraunodKni, Hamikon, MI) conlaining 2% Squalene, 02% 
Tween 80, and one or more bacterial cdl wall components from ftie group consisting of monophospharylipid A (MPL), trehalose 
dimycolate (TDM), and cell wall skeleton (CWS), preferably MPL + CWS (DetojT); (2) saponin adjuvants, sudi as QS21 or 
Stimulon™ (Cambridge Bioscience, Worcester, MA) may be used or pariides genersied therefiom such as ISCOMs 
(immunostimulating complexes), whidi ISCOMS may be devoid of additional detergent eg WO0(y07621; (3) Complete 

30 Freund's Adjuvant (CPA) and Incomplete Freund's Adjuvant (EFA); (4) cytokines, sudi as interleukins ^.g IL-1, IL-2, ]L4, 
IL-5, IL-6, 11^7, IL-12 (W099/44636), etc.), interferons f^g gamma interferoa), macrophage cokmy stimulating factor (M- 
CSF), tumor necrosis factor (TNF), etc.; (5) mcsiophosphcayl lipid A (MPL) or 3-0-deacylated MPL (3dMPL) e.g. GB- 
2220221, EP-A-0689454; (6) combinations of 3dMPL with, for example, QS21 and/or oil-in-water emulsions eg EP-A- 
0835318, EP-A-0735898, EP-A-0761231; (7) oEgonucleotides comprising CpG motife [Krieg Vaccine 2000, 19, 618-622; 

35 Krieg Cwr opin Mol Ther 2001 3:15-24; Roman et al, Nat Med.. 1997, 3, 849-854; Weina: et ai, PNAS USA, 1997, 94, 
10833-10837; Davis et ai, J. Immunol., 1998, 160, 870.876; Chu etai. J. Exp. Med., 1997, 186, 1623-1631; Lipford et 
al., Eur. J. Immunol, 1997, 27, 2340-2344; Moldoveanu et al, Vaccine, 1988, 16, 1216-1224, Krieg et al, Nature, 1995, 
374, 546-549; Klinman et al, PNAS USA, 1996, 93, 2879-2883; Ballas et al, J. Immunol, 1996, 157, 1840-1845; 
Cowdeiy et al, J. Immunol, 1996, 156, 4570-4575; Halpem et al, Cdl Immunol, 1996, 167, 72-78; Yamamoto et al, 

40 Jpn. J. Cancer Res., 1988, 79, 866-873; Stacey et al, J. Immunol, 1996, 157, 2116-2122; Messina et al, J. Immunol, 
1991, 147, 1759-1764; Yi et al, J. Immunol, 1996, 157, 4918-4925; Yi et al, J. Immunol, 1996, 157, 5394-5402; Yi et 
al., J. Immunol, 1998, 160, 4755-4761; and Yi et al, J. Immunol, 1998, 160, 589&-5906; Memational patent applications 
WO96/02555, W098/16247, WO98/18810, WO98/40100, W098/55495, W098/37919 and W098/52581] i.e. containing 
at least one CG dinudeotide, with 5-mefhylcytosine optionally being used in place of cytosine; (8) a pdyaxyfhjXeas ether car a 

45 polyojcy^lene ester &g. W099/52549; (9) a polyojg^diylene soibitan esto: suifectant in combination with an octoxynol (ag. 
WO0iy21207) or a polyoxyetbylene alkyl dher or ester surfectant in combination wi& at least one additiraial non-ionic surfactant 
sudi as an odsxyosA {e.g WOOl/21 152); (10) an imraunostimulatory oligonudeotide {e.g a CpG oKgonucleotide) and a saponin 
e.g WOOO/62800; (11) an immunostimulant and a partide of metal salt e.g WOOQ/23105; (12) a saponin and an oil-in-water 
eraulsiffli e.g W099/11241; (13) a saponin ^.g. QS21) + 3dMPL + IL-12 (optionally + a sterol) e.g. W098/57659; (14) 

50 aluminium salts, preferably tydroxide or phosphate, but any oflier suitable salt m^ also be used ^g. hydroxyphosphate, 
oxyhydroxide, orthophosphate, sulphate etc. [e.g. see chapters 8 & 9 of Powell & Newman]). Mixhires of different aluminium 
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salts may also be used. The salt may take any suitable form (z-g. gel, crystalline, amorphous etc.); (15) other substances that act 
as immunostiraulaling agents to enhance the efficacy of fhe CQnp)sitiQn. Aluminium salts and/or MF59™ are prefeiied. 
As mentioned above, muiamyl peptides indudej but are not limited to, N-acetyl-mui-amyl-L-threonyl-D-isoglutamine (thr-MDP), 
N-acetyl-normuramyl-L-alanj4-I>-isoglufairHne (nor-MDP), N-ace^linuramyl-L-alai5'l-D-isoglutamuiyl-L-alanine-2-(r-2'- 
5 dplirilicyl-jn-glyceiD-3-hydro)i3^osp!^ 

The imraunogaiic composiliQns (eg. Hie immunising antigwifcBmmogeoixjtypeptide^xotein/ nudac add, phamiacaitically 
acceptable canier, and adjuvant) typicaDy wfl] contain diluants, such as water, saliae, glycerol, ethanol, eta Additionaliy, auxiliaiy 
substances, such as wetting or emulsifying agents, pH buffering substances, and the like, may be present in such vehides. 
Typically, flie immunogenic compositions are prepared as injedables, either as liquid solutions or suspensions; solid fcams suitable 

10 for solution in, or suspension in, liquid vehicles prior to injection may also be prepared The preparation also may be emuhified or 
encapsulated in liposomes for enhanced adjuvant effect, as discussed above under pharmaceutically accqptable carriers. 
Immunogenic conpjsitions used as vacdnes comprise an immunologically effective amount of the antigenic or immunogenic 
polypeptides, as well as any other of the above-maitioned components, as needed. By "immunologically effective amounf , it is 
meant that the administration of that amount to an individual, eitiier in a single dose or as part of a series, is effective for hBatinert 

15 or prevention. This amount varies depending upon the health and physical condition of the individual to be treated, the faxonomic 
group of individual to be treated ^g. nonhuman primate, primate, etc.), the capadty of the individual's immune system to 
synlhesize antibodies, the degree of protection desired, the formulation of the vaccine, the treating doctor's assessment of the 
medical sitijation, and other refevant feclors. It is expected that the amount will fall in a rehtively broad range that can be 
detemmed through routine trials. 

20 The immunogenic conpositions are convaitionalfy administered parenteially, eg. by injection, dther subcutaneously, 
inttamusculariy, or tiansdamally/lianscutaneously (eg. ■WO98/20734). Additional fomiulations suitable for other modes of 
adrntnistration include oral and pulmonaiy finmuktions, suppositories, and tiansdetmal qipUcaiioiis. Dosage treatment may be a 
single dose schedule or a muWple dose schedule. The vaccine may be administeted in cagutidion wifli othar immunDiegulatoiy 
agpnts. 

25 As an alternative to protein-based vacdnes, DNA vaccination may be used |ig. Robinson & Tones (1997) Seminars in 
/mwMno/ 9:271-283; Donnelly et al. (1997) Amu Rev Immunol 15:617-648; later herein]. 

Gene Deliveiy Vehicles 

Gene therapy vehicles for delivery of constaicts including a coding sequence of a therapeutic of the invention, to be delivered to 
the mammal for escptession in the mammal, can be administeied either locally or systemically. These constructs, can utilize viral or 

30 non-viial vector ^poaches in in vivo or ex. vtvo naodality. Bqpressi(Hi of sudi coding sequence can be induced using endogenous 
mammalian or het^logous {xomoters. Ejpession of the coding sequaice in vivo can be either constitutive or regulated 
The invention indudes gene ddivery vdiides cspable of expressing flie cortoplated nudeic add sequences. The gene delivery 
vdiide is preferably a viral vector and, more preferably, a retroviral, adenoviral, adeno-assodated viral (AAV), herpes viral, a 
alphavirus vector. The viral vector can also be an ashavinis, coronavinis, orthiraiayxovirus, papovavirus, paramyxovirus, 

35 parvovims, picornavirus,poxvin]s, or togavinis viral vector. See gmeralfy, My (1994) QzncerGe^^ 1:51-64; Kimura 

(1994) Human Gem Therapy 5:845-852; Conndly (1995) Humm Gene Therqiy 6:185-193; and K^litt (1994) Nature 
Genetics mi-m. 

Rebx)viral vectors are well known in tlie art and we contemplate fliat any retroviral gene therapy vector is employable in the 
invention, including B, C and D type reti-oviruses, xenotropic retrovimses (for exanple, NZB-Xl, NZB-X2 and NZB9-1 (see 

40 ONeill (1985) J. Virol 53:160) polytiropic retirovimses eg MCF and MCF-MLV (see Kelly (1983) J. Virol 45:291), 
spumaviruses and lentiviruses. See RNA Tumor Viruses, Second Edition, Cold Spring Harbor Laboratory, 1985. 
Portions of the retroviral gene therapy vector may be derived from different reti'oviruses. For example, retrovector LTRs may be 
derived from a Murine Sarcoma Virus, a tRNA binding site from a Rous Sarcoma Vims, a packaging signal from a Murine 
Leukemia Virus, and an origin of second stiand synthesis from an Avian Leukosis Virus. 

45 These recombinant retroviral vectors may be used to generate transduction competent reti-oviral vector particles by introducing 
them into app-opriate packaging cell lines (see US patent 5,591,624). Rebovirus vedors can be conshucted for site-specific 
integration into host ceU DNA by incorporation of a chimeric integcase aizyme into the retix)viral partide (see W096^7626). It is 
preferable that the recombinant viial vector is a rqjlication defective recombinant virus. 
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Packaging cell lines suilable fcr use with liie above-described retrovirus vectors are wdl known in the art, are readily prepared 
(see WO95^0763 and WO92/05266), and can be used to create producer cell lines (also termed vector cell lines w "VCLs") 
for the production of reconibinant vector particles. Preferably, the packaging cell lines are made fiom human parent cells fe. 
HTIOSO cells) or mink parent cefl lines, vMsh eliminates inactivatiai in human senim. 
5 Preferred retroviruses for the construction of retroviral gene therapy vectors include Avian Leukosis Virus, Bovine Leukoma, 
Virus, Murine Leukemia Virus, Mink-Cell Focus-Inducing Virus, Murine Sarcoma Vims, Reticuloendothdiosis Vims and Rous 
Sarcoma Vims. Particularly prefened Murine Leukemia Viruses include 4070A and 1504A (Hartley and Rowe (1976) J Virol 
19: 19-25), Abelson (ATCC No. VR-999), Friend (ATCC No. VR-245), Graffi, Gross (ATCC Nol VR-590), Kirsten, Harvey 
Sarcoma Vims and Rauscher (ATCC No. VR-998) and Moloney Murine Leukemia Virus (ATCC No. VR-190). Such 
10 retroviruses may be obtained fiom dqx)sitories or collections such as the American Type Culture Collection C'ATCC) in 
Rockville, Maryland or isolated fiom knovm sources using commonly available techniques. 

Exenrplary known retroviral gene ther^ vectors employable in this invention indude tliose described m patent applications 
GB2200651, EP0415731, EP0345242, EP0334301, WO89/02468; WO89/05349, WO89/09271, WO90/02806, 
WO90/07936, WO94/03622, W093/25698, W093/25234, WO93/11230, WO93/10218, WO91/Q2805, WO91/02825, 
15 WO95/07994, US 5,219,740, US 4,405,712, US 4,861,719, US 4,980,289, US 4,777,127, US 5,591,624. See also Vile 
(1993) Cancer Res 53:3860-3864; Vile (1993) Cancer Res 53:962-967; Ram (1993) Cancer Res 53 (1993) 83-88; 
Takamiya 0.992)JNeurosd Res 33:493-503; Baba (1993) JNearosurg 79:729-735; Mann (1983) Cell 33:153; Cane (1984) 
Proc Natl Acad Sci 81:6349; and Miller (l99Q)Human Gene Therapy 1. 

Human adeno\dral gene fher^y vectors are also known in the art and etrplqyahle in this invention. See, fijr exaqple, Bedoner 

20 (1988) Biotechniques 6:616 and Rosenfeld (1991) Science 252:431, and WO93/07283, WO93/06223, and WO93/07282. 
Exemplary known adenoviral gene therapy vectors employable in this invention include those desoibed in the above referenced 
documents and in W094/12649, WO93/03769, W093/19191, W094/28938, W095/11984, WO95/00655, WO95/27071, 
W095/29993, W095/34671, WO96/05320, WO94/08026, WO94/11506, WO93/06223, W094/24299, WO95/14102, 
W095/24297, WO95/02697, W094/28152, W094/24299, WO95/09241, WO95/25807, WO95/05835, W094/18922 and 

25 WO95/09654. Alternatively, administration of DNA Med to killed adenoviras as described in Curid (1992) Hum. Gene Ther. 
3:147-154 may be employed. The gene ddivery vdiicles of the invention also incbde adenowius assodated virus (AAV) vectras. 
Leading and preferred exainples of sudi vectors for use in this invaition are the AAV-2 based vectors disclosed in Srivastava, 
'WO93/09239. Most prefened AAV vectors comprise the two AAV inverted terminal repeats in whkih the native Dsequences 
are modified by substitution of nucleotides, such that at least 5 native nucleotides and to 18 native nudeotides, prefaably at 

30 least 10 native nudeotides up to 18 nadve nucleotides, most peferably 10 native nucleotides are retained and the remaining 
nucleotides of the D-sequence are ddeted or retraced with non-native nudeotides. The native D-sequences of flie AAV inverted 
tenninal repeats are sequences of 20 consecutive nucleotides in each AAV inverted terminal repeat ^e. there is one sequence at 
each en<5 whidi are not involved in HP fiamatioa The no&native replacement nucleotide may be any nucleotide other than tibe 
nucleotide found in the native Dsequence in the same positioa Other en^loyable exenplary AAV vectors are p\VP-19, 

35 pWN-1, both of which are disdosed in Nahreini (1993) Gene 124:257-262. Ano&er example of such an AAV vector is 
psub201 (see SamdsM (1987)/. Virol. 61:3096). Another exen^jlary AAV vector is the Doublfr-DITR vector. Construction of 
fee Double-D ITR vector is disclosed in US Patent 5,478,745. Still other vectras are fliose disdosed in Carter US Patent 
4,797,368 and Muzyczka US Patent 5,139,941, Chartejee US Patent 5,474,935, and Kotin W094/288157. Yet a firrfher 
exarrple of an AAV vector employable in fcis invention is SSV9AFABTKneo, wMch contains the AFP enhancer and albumin 

40 promoter and directs expression predominanfly in the liver. Its stracture and constraction are disdosed in Su (1996) Human 
Gene Therapy 7:463470. Additional AAV gaie therapy vectors are described in US 5,354,678, US 5,173,414, US 
5,139,941, and US 5,252,479. 

The gene therapy vectors of the invention also include herpes vectors. Leading and pefared examples are herpes simplex virus 
vectors containing a sequence encoding a thymidine kinase polypeptide such as fliose disclosed in US 5,288,641 and 
45 EP0176170 (Roizman). Additional exemplar}' heipes sicplex vims vedors include HFEMZ[CP6-LacZ disclosed in 
WO95/04139 (Wistar Institute), pHSVIac described in GeUer (1988) Science 241:1667-1669 and in WO90/09441 and 
WO92'07945, HSVUs3::pgC-lacZ described in Fink (1992) Human Gene Tiierapy 3:1 1-19 and HSV 7134, 2 RH 105 and 
GAL4 desoibed in EP 0453242 (Breakefiel^ and those dq)osited with &e ATCC with accession numbers VR-977 and 
VR-260. 

50 Also contaiplated are alpha vims gene therapy vectors that can be en5)lqyed in this invention. Prefened alpha vims vectors are 
Sindbis vimses vectors. Togavimses, SenJiki Forest virus (ATCC VR-67; ATCC VR-1247), Middlebeig vims (ATCC 
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VR-370), Ross River virus (ATCC VR-373; ATCC VR-1246), Venezuelan equine encephalitis vims (ATCC VR923; ATCC 
VR-1250; ATCC VR-1249; ATCC VR-532), and those described in US patents 5,091,309, 5,217,879, and WO92/10578. 
More particularly, those alpha vims vectors described in US Serial No. 08/405,627, ffled March 15, 1995,W094/21792, 
WO92/10578, WO95/07994, US 5,091,309 and US 5,217,879 are employable. Such alpha viruses may be obtained from 
5 depositories or collections such as the ATCC in Rockvill^ Inland or isolated from known sources using commonly available 
techniques. Preferably, alphavims vectors with reduced cytotoxidly are used (see USSN 08/679640). 
DNA vector systems such as eukaiyotic layered expression systems are also useful for eipessing the nucleic acids of the 
inventioa See WO95/07994 for a detailed desaiption of eubryotic layoed eqiressiQn systems. Preferably, the eukaryotic 
layered exptession systems of the invention are derived jfom alphavirus vectors and most piefecably fiom Sindbis viral vectors. 

1 0 Other vital vectors sintaHe for use in the present invenlirai indnde fiiose derived fiom polioviras, for example ATCC VR-58 and 
those desoibed in Evans, Nature 339 (1989) 385 and Sabin (1973) /. BioL Standardization 1:115; riiinoviius, for am^e 
ATCC VR-1110 and those described in Arnold (1990) J Cell Biockem L401; pox wruses sudi as canary pox vims or vacdda 
virus, for exarrple ATCC VR-111 and ATCC VR-2010 and those described in Fisher-Hoch (1989) Proc Natl Acad Sci 
86:317; Hexner (1989) Ann NY Acad Sci 569:86, Hexner (1990) Vaccine 8:17; in US 4,603,112 and US 4,769,330 and 

15 WO89/01973; SV40 virus, for example ATCC VR-305 and those described in MulKgan (1979) Nature mm and Madzak 
(1992) J Gen Virol 73:1533; influenza vims, for example ATCC VR-797 and recomMnant influenza viruses made employing 
reverse genetics techniques as described in US 5,166,057 and in Enami (1990) Proc Natl Acad Sd 87:3802-3805; Fnami & 
Palese (1991) J Tml 65:2711-2713 and Luytjes (1989) CeU 59:1 10, (see also McMichael (1983) NEJMed 309:13, and Yap 
(1978) Nature 273:238 and Nature (1979) 277:108); human imraunodefidency vims as described in EP-0386882 and in 

20 Budisdiacher (1992) J. Vird. 66:2731; measles vims, for examfie ATCC VR-67 and VR-1247 and those described in EP- 
0440219; Aoia vims, for example ATCC VR-368; Bebara vims, for example ATCC VR-600 and ATCC VR-1240; Cabassou 
vims, for example ATCC YR-922; Chikungunya virus, for exainde ATCC VR-64 and ATCC VR-1241; Fort Morgan Virus, 
for example ATCC VR-924; Getah vims, for exan^ple ATCC VR-369 and ATCC VR-1243; Kyzjdagach vims, for example 
ATCC VR-927; Mayaro vims, for example ATCC VR-66; Mucambo vims, for exanple ATCC VR-580 and ATCC VR-1244; 

25 Ndurau virus, for exanple ATCC VR-371; Pixuna vims, for example ATCC VR-372 and ATCC VR-1245; Tonate vims, for 
exan?)le ATCC VR-925; Triniti vims, for exanple ATCC VR-469; Una vims, for exanple ATCC VR-374; "Whataroa vims, for 
exanple ATCC VR-926; Y-62-33 vims, for example ATCC VR-375; CNyong vim^ Eastern encephalitis vims, for eswm^ 
AWC VR-^5 and ATCC VR-1242; Western encephaUtis vims, for example ATCC VR-70, ATCC VR-1251, ATCC VR-622 
and ATCC VR-1252; and coronavims, for example ATCC VR-740 and those described in Harare (1966) Proc Soc Eqi Biol 

30 Merf 121:190. 

Delivery of the conyositions of this invention into cells is not limited to the above mentioned viral vectors. Other delivery methods 
and media may be employed such as, for example, nucleic add expression vectors, polycationic condensed DNA linked or 
unMed to killed adenoviros alone, for example see US Serial No. 08/366,787, filed December 30, 1994 and Curid (1992) 
Hum Gene Ther 3:147-154 ligand linked DNA, for example see Wu (1989) J Biol Chem 264:16985-16987, eucaryotic cell 
35 delivery vehicles cells, for example see US Serial No.08/240,030, filed May 9, 1994, and US Serial No. 08/404,796, deposition 
of photopolymerized hydrcgd materials, hand-held gene transfer particle gun, as described in US Patent 5,149,655, ionizing 
radiation as described in US5,206,152 and in WC)92/11033, nucldc diarge neutralization or fusion with cell monbranes. 
Additional approaches are described in Phifip (1994) Mol Cell Biol 14:2411-2418 and in Woffendin (1994) Proc Natl Acad 
&/ 91:1581-1585. 

40 Particle mediated gene transfer may be enjoyed, for example see US Serial No. 60/023,867. Briefly, the sequence can be 
inserted into conventional vectors that contain conventional ayatd sequences for higji levd ejqMBSsion, and then incubated with 
syntlietic gene transfer molecules such as polymeric DNA-Wndirig cations like poljdysine, protamine, and albumin, linked to cell 
targeting ligands such as asialoorosomucoi4 as descaibed in Wu & Wu (198"^ J. Biol. Chem. 262:4429-4432, insulin as 
described in Hucked (1990) Biochem Pharmacol 40:253-263, galactose as described in Plank (1992) Bioconjugate Chem 

45 3:533-539, lactose or tcaiBfenin. 

Naked DNA may also be employed. Exanplary naired DNA introduction methods are described in WO 90/11092 and US 
5,580,859. Uptate efficiency may be improved using biodegradable latex beads. DNA coated latex beads are efficientiy 
transpoited into cells after endocytosis initiation hy the beads. The method may be improved fiirther by treatnent of the beads to 
increase hydrophobicity and thereby facilitate disraption of the aidosome and release of the DNA into the cytoplasm. 

50 Liposomes that can act as gene deUveiy vdicles are described in US 5,422,120, W095/13796, W094/23697, W091/14445 
and EP-524,968. As described in USSN. 60/023,867, on non-viral delivery, the nucldc add sequaices encoding a pdypq)tide 
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can be inserted into conventional vectors that contain convaitional control sequences for high level expression, and then be 
incubated with synthetic gene transfer moleailes such as polymeric DNA-binding cations like polylysine, protamine, and albumin, 
linked to cell taigeting ligands such as asialoorosomucoid, insulin, galactose, lactose, or transfenin. Oflier delivery systems include 
the use of liposomes to encapsulate DNA comprising the gene under the control of a variety of tissue-specific or 
5 ubiquitously-active promoters. Further non-viral delivery suitable for use includes n-eclianical delivery systems such as tiie 
approach described in Woffendin et al (1994) Proc. Natl. Acad. Sci. USA 91(24):1 1581-1 1585. Moreover, the coding 
sequence and the product of expression of such can be delivaed through dqjositiatt of photopolymerized hydrogel materials. 
Other conventional methods for gene delivery that can be used for delivery of flie coding sequence include, for example, use of 
hand-held gene tiaasfer particle gun, as described in US 5,149,655; use of ionizing radiation for activating tansfetred gaie, as 

10 describedinUS 5,206,152 and W092/1 1033 

Exemplary liposome and polycationic gene delivery vehicles are those described in US 5,422,120 and 4,762,915; in WO 
95/13796; W094/23697; and W091/14445; in EP-0524968; and in Shyer, Biochemistry, pages 236-240 (1975) W.H. 
Freeman, San Francisco; Szoka (1980) Biochem Biophys Acta 600:1; Bayer (1979) Biochem Biophys Acta 550:464; Rivnay 
(1987) AfeiA£«z)W!o/ 149:119; Wang (19S1) Proc Nati Acad Sci 84:7851; Plant {\W) Anal Biochem 176:420. 

15 A polynucleotide canpsition can conpises fher^ieirtically effective amount of a gene ther^ veWde, as the tenn is defined 
above. For purposes dT Hie present invention, an eifective dose will be from about 0.01 Isg to 50 mg^ or 0.05 mg/kg to 
about 10 mg/itgof&B DNA CQDStnKts in ^individual to wMch it is adtnimstered. 
Delivery Methods 

Once fomiulated, the polynucleotide compositions of the invention can be administered (1) directly to the subject; (2) delivered ex 
20 vivo, to cells derived from the subject; or (3) in vitro for ejqiression of recombinant proteins. The subjects to be treated can be 
mammals or birds. Also, human subjects can be beated. 

Direct delivery of the compositions will generally be accomplished by injection, either subcutaneously, intraperitoneally, 
intravenously or intramusculariy or delivered to the intostitial space of a tissue. The compositions can also be administered into a 
lesion. Other modes of administration include oral and pulmonary adminisbation, suppositories, and transdermal or transcutaneous 
25 plications (eg. see WO98/20734), needles, and gaae guns or hyposprays. Dosage tBatment may be a single dose schedule or 
a multiple dose schedule. 

Methods for the ex vivo deliveiy and reinplantation of transfcamed cells into a subject ate known in tie art and described in eg. 
W093A4778. Examples of celk useM in ex vivo ^cations include, fiff example, stem cells, particulariy hematqpoetic, lynph 
cells, macrophages, dendritic cells, or tumor cells. 
30 Geoaally, delivery of nucleic acids for both ex vivo and in vitro applications can be accomplished by the following procedures, 
for Kcample, dextran-mediated transfection, calcium phosplmte precipitation, polybrene mediated transfection, protoplast &sion, 
decttoporation, encapsulation of the polynucleotide(s) in liposomes, and direct microinjection of the DNA into nuclei, all well 
knovminflieari: 

Polynucleotide and polypeptide phannaceutical compositions 
35 In addition to the phannaceutically acceptable carriers and salts described above, tiie following additional agente can be used with 
polynucleotide and/or polypeptide compoations. 

A. Polvpeptides 

One example aie polypeptides which include, without limitation: asioloorosomucoid (ASOR); transferrin; asialoglycoproteins; 
antibodies; antibody fragments; ferritin; interleukins; interferons, granulocyte, macrophage colony stimulating factor (GMCSF), 
40 granulocyte colony stimulating fector (G-CSF), macrophage colony stimulating fector (M-CSF), stem cell factor and 
erythropoietin. Viral antigais, sudi as envdope proteins, can also be used. Also, proteins from other invasive organisms, such as 
the 17 amino add peptide from the circumsporozoite protein of plasmodium feldparum known as RE 

B. Hoimones. Vitamins, etc. 

Other groups that can be induded are, for exanple: hcmones, steroids, androgens, eshjogens, %roid hormone, or vitamins, folic 
45 add. 
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CJolyalkylenes. Polysaccharides, etc 

Also, pofyallq'lene glycol can be included with the desiied polynucleotides'polypeptides. hi a piefeired embodimenl, the 
pdyalkjdene glycol is polyefhlylene glycol. In addition, mono-, di-, or polysaccharides can be included, hi a preferred 
embodiment of this aspect, tiie polysaccharide is dextran or DEAE-dextran. Also, chitosan and poly(lacfide-co-glycohde) 
5 DUpids. and Liposomes 

The desired polynucleotide/polypeptide can also be encapsulated in hpids or packaged in liposomes prior to delivery to the 
subject or to cdk derived fherefixm 

Lpd enc^jsulalim is generally accomphshed using liposomes which are able to stabfy land or enteap and retain nucleic acid. The 
ratio of condensed polynucleotide to hpid preparation can vary but will generally be around 1:1 (mg DNA:micromoles lipid), or 
10 more of hpid. For a review of the use of liposomes as carriers for dehvery of nucleic acids, see, Hug and Sleight {[99\)Biochim. 
Biophys. Acta. 1097:1-17; Straubinger (1983) Me//j. En^noL 101:512-527. 

Liposomal preparations for use in the present invention include cationic (positively charged[), anionic (negatively chaiged) and 
neutral preparations. Cationic hposomes have been shown to mediate intracellular delivery of plasml DNA (FelgDier (1987) 
Proc. Natl. Acad. Sci. USA 84:7413-7416); mRNA (Malone (1989) ?roc. Natl. Acad. Sci USA 86:6077-6081); and purified 

1 5 transcription factors (Debs (1990) J. Biol Ckem. 265:10189-10192), in ftmctional fotm. 

Cationic liposomes are readily available. For example, N[l-2,3-diokylo}iy)proR5d]-N,N,NMriefl5'lammDm (DOIMA) 
liposomes are available under the tiademadc Lipofedin, from GBCO BRL^ Gimd Mand, NY. (See, alsoi, Feigner J«;?ra). Other 
cammeaxaalfy arailaHe Uposomes include tcansfectace ^DAB/DOPE) and DOTAP/DOPE ^oediinger). Other cationic 
liposranes can be prepared from readily available materials using techniques well laxmn in the art See, Szoka (1978) Ptvc. 

20 Natl. Acad Sci. USA 75:41944198; WO90/11092 for a description of flie synthesis of DOTAP 
(l,2-bis(oleoyloxy)-3-(lTimethy]ammomo)ptq)ane) liposomes. 

Similarly, anionic and neutral Uposomes are readily available, such as frcm Avanti Polar Lipids (Birmingham, AL), or can be easily 
prepared using readily available materials. Such materials indude phosphatidyl choline, cholesterol, phosphati^l eflianolamine, 
dioleoylphosphatidyl choline (DOPC), dioleoylphosphatidyl gfycerd (DOPG), dideoylphoshatidy] eflianolamine (EXDPE), among 
25 others. Tliese materials can also be mixed with the DOTMA and DOTAP starting imtetials in qpxpiate ratios. Methods for 
making liposomes using these materials are well known in the art 

The %)osomes can comprise multilammelar vesicles (MLVs), small unilamellar vesicles (SUVs), or large unilamellar vesicles 
(LUVs). The various hposome-nucleic acid complexes ai-e prepared using metliods known in !he art See eg. Straubinger (1983) 
Meih. Immunol. 101:512-527; Szoka (1978) Proc. Natl. Acad. Sci. USA 75:4194-4198; Papahadjopoulos (1915) Biochim. 
30 Biophys. Acta 394:483; Wilson (1979) Cell 17:77); Deamer & Bangliam (1976) Biochim. Biophys. Acta 443:629; Ostro 
{1917} Biocheni Biophys. Res. Commun. 76:836; Fialey (1979) ?roc. Natl. Acad Sci. USA 76:3348); Enoch & Sirittmatter 
(1979) Proc. Natl. Acad. Sci. USA 76:145; Fraley (1980) J. Biol. Ghent (1980) 255:10431; Szoka & Papahadjopoulos 
(1978) Proc. Natl. Acad Sd. USA 75:145; and Schaefer-Ridder (1982) Science 215:166. 
Elipoprolans 

35 In addition, Kpqproteins can be included with the polynucleotide^xilypqjtide to be delivered. Exarrjies of lipopiotans to be 
utilized indude: dylomicrons, HDL, IDL, LDL, and VLDL Mitants, fiagments, or fiisions of these protdns can also be used 
Also, modificatians of naturally occurring Kpoproteitis can be used, sudi as acetylated IDL These lipoproteins can target the 
delivery of polynucleotides to cells expessing Hpoprotein receptors. Prefaably, if lipoproteins are induding with the 
polynucleotide to be delivered, no other targeting ligand is included in flie conopositioa 

40 Naturally occurring hpoproteins comprise a lipid and a protein portioa Tlie protein portion are known as apoproteins. At the 
present, apoproteins A, B, C, D, and E have been isolated and identified. At least two of these contain several proteins, 
designated by Roman numerals, AI, AH, AIV; CI, Cn, CIII. 

A lipoprotein can conqprise more than one apoproteia For easmpk, naturalfy occurring chjdomimins comprises of A, B, C & E, 
over time these hpoproteins bse A and acquire C & E. VLDL comprises A, B, C & E apoproteins, LDL coiqprises apoprotein 
45 B; and HDL conprises apoproteins A, Q&E. 

The ammo add of fliese apoproteins are known and are described in, for exan^ile, Breslow (1985) Annu Rev. Biochem 54:699; 
Law (1986) Adv. Exp Med. Biol. 151:162; aen (1986) J Biol Oiem 261:12918; Kane (1980) Proc Nad Acad Sd USA 
77:2465; and Utemiann (1984) Hum Genet 65:231 
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L^jcpiotdns contain a variety of lipids induding, triglycerides, cholesterol (fee and esters), and phospholipids. The composition 
of Hk lipids varies in naturally occuning Iqxpotans. For example, chylomicrons comprise mainly trigfycerides. A more detailed 
description of the l^jid content of naturally occuning lipoproteins can be found, for exantple, in Meth. Enzymol. 128 (1 986). The 
composition of the lipids are chosen to aid in confonnation of the apoprotein for receptor binding activity. The conposition of 

5 lipids can also be chosen to facilitate hydrophobic interaction and association with the polynucleotide binding molecule. 

Naturally occurring lipoproteins can be isolated fom smim by ultiacentrifiigation, for instance. Such methods are described in 
Meth. Enzymol. (supra); Pitas (1980) J. Biochem. 255:5454-5460 and Mahey (1979) J Clin. Invest 64:743-750. 
Lipoproteins can also be produced by in vitro or recombinant methods by expression of the apoprotein genes in a desired host 
cell. Ste,{QieKmiipk,AikiDSon(m6)AnnuRevBiopfysCkem 15:^3 md^&ag{\95S)BiochimBiophys Acta 30: 443. 

1 0 Lfoproteins can dso be purchased from commercial suppliers, such as Biomedical Techniologies, Inc., Stoughton, MA, USA. 
FiKlher description of lipoproteins can be found in WO98/06437.. 
F Joh/caliomc Agents 

Pdycationic agents can be included, with or without lipoprotein, in a composition witli the desired polynucleotide/polypeptide to 
be delivered. 

15 Polycationic agents, typically, exhibit a net positive charge at physiological relevant pH and are capable of naitralizing the 
electrical cliarge of nucleic acids to facilitate deliveiy to a desir^ location. These agents have botli in vitro, ex vivo, and in vivo 
applications. Polycationic agents can be used to deliver nucleic acids to a living subject either intinnusculariy, subcutaneously, etc. 
The following are examples of use&l polypeptides as polycationic agents: polylysine, polyarginine, polyomithine, and protamine. 
Ofha: exan^jles include histones, protamines, human senim albumin, DNA binding proteins, northistone chromosomal proteins, 

20 coat proteins fiom DNA viruses, such as (X174, transcriptional factors also contain domains that bind DNA and therefore may 
be useM as nucleic aid condensing agents. Briefly, transaiptional factors such as C/CEBP, ejun, o-fos, AP-1, AP-2, AP-3, 
CPF, Prot-l, Sp-1, Oct-1, Oct-2, CREP, and TFIID contain basic domains fliat hind DNA sequences. 
Organic polycationic agents include: spermine, spennidine, andpurtresdne. 

The dimensions and of the physical properties of a polycationic agent can be extrapolated from the list above, to construct other 
25 polypeptide polycationic agents or to produce synthetic polycationic agents. 

Synthetic polycationic agents whidi are usefiil include, for example, DEA&dextran, polybrene. Lipofectin™, and 
lipofectAMINE™ are monomets that form polycationic conpleces whoi combined with polymideoddes^Jolypeptides. 
Immunodiagnostic Assays 

Streptococcus antigens of the invention can be used in immunoassays to detect antibody levels (or, conversely, anti-streptococcus 
30 anbiodies can be used to defect antigen levels). Lnmunoassays based on well defined, recombinant antigens can be developed to 
replace invasive diagnostics methods. Antibodies to streptococcus protans within biological san:iples, including for exanple, blood 
or semm samples, can be detected. Design of the immunoassays is subject to a great deal of variation, and a variety of these are 
known in the art Protocols for the immunoassay may be based, for example, upon competition, or direct reaction, or sandwich 
type assays. Protocols may also, for exanple, use solid supports, or may be by immunoprecipifation. Most assays involve the use 
35 of labeled antibo<fy or polypq)tide; the labels may be, for example, fluorescent, chemiluminesceait, radioactive, or dye molecules. 
Assays wHch anplify the signals firan the probe are also known; emnpks of which are assays Tsdiidi utife biotin and avidin, and 
enzyme-labeled and mediated immunoass^ such as ELISA assays. 

Kits suitable for immunodiagnosis and containing the appropriate labeled reagents are constructed by packaging the appropriate 
materials, including the compositions of the invention, in suitable containers, along with the remaining reagents and materials (for 
40 exanple, suitable buffers, salt solutions, etc.) required for the conduct of the assay, as well as suitable set of assay instmctions. 
Nucleic Acid Hybridisation 

"Hybridization" refers to the assodation of two nucleic add sequences to one another by hydrogen bonding. Typically, one 
sequence will be fixed to a solid support and the other will be feee in soMoa Then, the two sequences will be placed in contact 
with one another under conditions that favor hydrogen bonding. Factors that aJBfect this bonding indude: the type and volume of 
45 solvent; reaction tenperature; time of hybridization; agitation; agents to block the nonspecific attachment of the liquid phase 
sequence to the solid support (Denhardt's reagent or BLOTTO); concentration of the sequences; use of con^wunds to inaease 
the rate of association of sequences (dextran sulfate or polye%lene glycol); and &e stringoicy of flie washing conditions following 
hybridization See Sambrook et al. {siprd\ Volume 2, ch^ter 9, pages 9.47 to 9.57. 
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"Stringency" refers to conditions in a hybridization reaction that fevOT association of very similar sequences over sequences that 
differ. For exanple, the combination of temperature and salt concentiBtion should be chosen that is approximately 120 to 200'C 
below the calcubted Tm of the hybrid under study. The ten^ierature and salt conditions can often be determined empirically in 
preliminary experiments in which samples of genomic DNA immobilized on filters are hybridized to the sequence of interest and 
5 Ihen wa^ed under conditions of different stringencies. See Sambiookef al. at page 9.50. 

Variables to consider when performing, for example, a Southern blot are (1) the complexity of the DNA being blotted and (2) the 
homology between the probe and the sequences being detected. The total amount of the fiagment(s) to be studied can vary a 
magnitude of 10, fiom 0.1 to \\ig for a plasmid or phage digest to Iff' to 10"' g for a single copy gene in a highly complex 
eukaryotic genome. For lower complexity polynucleotides, substantially shorter blotting, hybridization, and exposure times, a 

10 snmller amount of starting polynucleotides, and lower specific activity of probes can be used For exaniple, a single-copy yeast 
gene can be detected with an expoaire time of only 1 hour starting with 1 jig of yeast DNA, blotting for two hours, and 
hybridizing for 4-8 hours with a probe of lO' cpm/pg. For a single-copy mammalian gene a conservative approach would start 
■with 10 Hg of DNA, blot ovemi^ and hybrid^ overnight in flie presence of 10% dextran sulfate using a probe of greata: than 
10^ qan/pg, resulting in an ejqiosure time of ~24 hours. 

1 5 Several fectors can affect the mdtiiig temperature (Im) of a DNADNA hybrid between the probe and the fiagmaot erf interest, 
and consequenfly, the appropriate conditions for hjijridization and washing. In many cases the piobe is not 100% homdogous to 
the fiagmenL Ote commcBiily encountered vaiyjles inc^ 

the ionic strength and fomaamide content of the hybridization buffer. The effects of all of these fedors can be ^roximated by a 
single equation: 

20 Trn= 81 + 16.6(logoCO + 0.4[%(G + C)]-0.6(%formamide) - 600/n-1.5(%n]ismatch). 

where Ci is the salt concentration (monovalent ions) and n is Ifae length of the hybrid in base pairs (slightly modified finm 
Meinfcofh & Wahl (1984) ^jwi Biochm. 138: 267-284). 

In designing a hybridization experiment, some factors affecting nuddc add hybridization can be ccaiveniently altered. The 
ten^jerature of the tybridizalion and washes and the salt concentration during the washes are the simplest to adjust. As the 

25 temperature of the hybridization inoeases ^e. stringency), it becomes less likely for hybridization to occur between strands that 
are nonhomologous, and as a result, background decreases. If the radiolabeled probe is not completdy homologous with the 
immobilized fiagment (as is fisquenlly the case in gene feirily and interspedes lyhridization ecperiments), the hybridization 
temperature must be reiiced, and bad^und will increase. The temperature of the vrashes affects the intensity of the hybridizing 
band and the degree of background in a similar manna:. The stringency of fee wadies is also increased with decreasing salt 

30 concentrations. 

hi general, convenient hybridization temperatures in the presaice of 50% formamide are 42°C for a probe with is 95% to 100% 
homologous to the target fragment, 3TC for 90% to 95% homology, and 32''C for 85% to 90% homology. For lower 
homologies, fonnamide content should be lowered and temperature adjusted accordingly, using the equation above, ff the 
homology between the probe and the target fiagment are not known, the simplest approach is to start witli both hybridization and 
35 wash conditions which are nonstringent If noft-specific bands or high background are observed after autoradiography, the filter 
can be washed at high stringency and reejqwsed. If flie time required for oqjosure makes fliis approach inpractical, seveial 
hybridization and/or washing sbingendes should be tested in paialld. 
Nucleic Acid Probe Assays 

Methods such as PGR, branched DNA probe assays, or blotting techniques utihzing nuddc acid probes according to the 
40 invention can determine the presence of cDNA or mRNA. A probe is said to 'liybridize" vnfli a sequence of the invention if it can 
form a duplex or double stranded complex, vrfich is stable enough to be detected. 

The nuddc acid probes will hybridize to the streptococcus nudeotide secjuaices of flie invention (including both sense aad 
antisense strands). Though many diffoent nucleotide sequaices win encode the amino acid sequence, the native streptococcus 
sequence is preferred because it is the actual sequence present in cdls. mRNA rqiresents a coding sequence and so a probe 
45 should be complementary to the codmg sequence; single-sttanded cUNA is conplemoitaiy to mRNA, and so a cDNA probe 
should be complementary to the non-coding sequence. 

The probe sequence need not be identical to the stteptococcus sequence (or its complement) — some variation in the sequence 
and lengtli can lead to increased assay sensitivity if the nucleic acid probe can fomi a duplex with target nucleotides, which can be 
detected. Also, the nucldc add probe can inchide additional nucleotides to stabilize the formed duplex. Additional streptococcus 
50 sequence may dso be hdpfid as a labd to detect the formed duplec. For example, a noncomplementary nucleotide sequence 
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imy be attached to the S* end of the probe, wifh the lemainder of Ifae probe sequence being conplementaiy to a stcqitococcus 
sequence. Altemativdy, ncHMon^lementaiy bases or longer sequences can be interspersed into the probe, provided that the 
pxbs sequence has sufSdoit conplemaifarily with the a streptococcus sequence in ordo: to isybaSw therewith and thereby 
form a diqilex which can be detected. 
5 The exact length and sequence of the probe will depend on the hybridization conditions temperature^ salt condition etc.). For 
example, for diagnostic applications, depeadiog on the conjplexity of the analyte sequence, the nudeic add probe typically 
contains at least 10-20 nucleotides, preferably 15-25, and more preferably at least 30 nucleotides, althou^ it may be shorter than 
this. Short primers genei^illy require cooler temperatures to fomi sufficiently stable hybrid complexes with the template. 
Probes may be produced by synthetic procedures, such as the triester method of Matteucci et al. [J. Am. Chem. Soc. (1981) 
10 103:3185], or according to Urdea et al. [Proc. Natl. Acad. Sd. USA (1983) 80: 7461], or using conimerdally available 
automated oligonudeotide synthesizeas. 

The chemical nature of the probe can be sdeded according to prefereace. For certain ^plications, DNA or KNA are 
^propriate. For oflier applications, modifications may be incorporated eg. baddwne modificatiQns, sudi as phoq)horofhioates 
OT methylphosphonates, can be used to inaease in vivo half-life, alter RNA afBnity, increase nudease resistance etc. [eg. see 

15 Agrawal & Iyer (1995) Ctor Opin Biotecknol 6:12-19; Agrawal (1996) TWTECH 14:376-387]; analogues such as peptide 
nucleic adds may also be used [eg. see Corey (1997) TIBTECH 15:224-229; Buchaidt et al. (1993) TJBTECH 1 1 :384-386]. 
Alternatively, the polymerase chain reaction (PGR) is anotlier well-known means for detecting small amounts of target nucleic 
add The assay is described in Mullis et al [Meth. EnTymol (1987) 155:335-350] & US patents 4,683,195 & 4,683,202. Two 
"primer" nucleotides hybridize with the target nucleic acids and are used to prime lie reaction. The primers can conprise 

20 sequence that does not hybridize to the sequence of the amplification target (or its complement) to aid with duplex stability or, for 
example, to incorporate a convenient restriction site. Typically, such sequence will flank fb desired streptococcus sequence. 
A thermostable polymerase creates copies of target nucldc adds fom the primers using the original target nudeic acids as a 
tenplate. After a threshold amount of target middc adds are generated by the polymerase, they can be detected by more 
traditional methods, such as Southern blots. When using the Southern blot method, the labelled probe wiU hybridize to die 

25 streptococcus sequence (or its complement). 

Also, mRNA or cDNA can be detected by traditional blotting techniques described in Sambrook et al [supra]. roRNA, or 
cDNA generated fiom mRNA using a polymerase enzym^ can be purified and sq)arated using gd dectraphoresis. The nucleic 
adds on the gd are then blotted onto a solid support, sudi as nitrocdlulose. The solid support is exposed to a labdled probe and 
then washed to remove any unhybridized probe. Next, the di^jlexes containing the labeled probe are detected. Typically, the 

30 probe is labelled with a radioactive mdety. 

BRIEF DESCRIPTION OF DRAWINGS 

Figures 1 to 85, 119 to 188, 238 and 239 show SDS-PAGE analysis of total cell extracts fiom 
cultures of recombinant E.coli expressing GBS proteins of the invention. Lane 1 in each gel (except for 
Figure 185) contains molecular weight markers. These are 94, 67, 43, 30, 20.1 & 14.4 kDa (except for 
35 Figures 7, 8, 10, 11, 13, 14, 15 and 119-170, which use 250, 150, 100, 75, 50, 37, 25, 15 & 10 kDa). 

Figure 86A shows the pDESTlS vector and Figure 86B shows the pDEST17-l vector. 

Figures 88 to 118 and 247 to 319 show protein characterisation data for various proteins of the 
invention. 

Figures 189 to 237 and 240 to 246 show SDS-PAGE analysis of purified GBS proteins of the 
40 invention. The left-hand lane contains molecular weight markers. These are 94, 67, 43, 30, 20.1 & 14.4 
kDa. 
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MODES FOR CARRYING OUT THE INVENTION 

The following examples describe nucleic add sequences which have been identified in Streptococcus, 
along with their inferred translation products. The examples are generally in the following format: 

• a nucleotide sequence which has been identified in Streptococcus 
5 "the inferred translation product of this sequence 

• a computer analysis (e.g. PSORT output) of the translation product, indicating antigenicity 

Most examples describe nucleotide sequences from S.agalactiae. The specific strain which was 
sequenced was firom serotype V, and is a clinical strain isolated in Italy which expresses the R antigen 
(ISS/Rome/Italy collection, strain.2603 V/R). For several of these examples, the corresponding 
10 sequences from S.pyogenes are also given. Where GBS and GAS show homology in this way, there is 
conservation between species which suggests an essential function and also gives good cross-species 
reactivity. 

In contrast, several examples describe nucleotide sequences firom GAS for which no homolog in GBS 
has been identified. This lack of homology gives molecules which are useful for distinguishing GAS 
15 from GBS and for making GAS-specific products. The same is true for GBS sequences which lack 
GAS homologs e.g. these are useful for making GBS-specific products. 

The exairples typically include details of homology to sequences in the public databases. Proteins that 
are similar in sequence are generally similar in both structure and function, and the homology often 
indicates a common evolutionary origin. Comparison with sequences of proteins of known function is 
20 widely used as a guide for the assignment of putative protein fiinction to a new sequence and has proved 
particularly useful in whole-genome analyses. 

Various tests can be used to assess the in vivo immimogenicity of the proteins identified in the exaniples. 
For example, the proteins can be expressed recombinantly and used to screen patient sera by 
immunoblot. A positive reaction between the protein and patient serum indicates that the patient has 
25 previously mounted an immune response to the protein in question i.e. the protein is an immunogen. This 
method can also be used to identify immunodominant proteins. The mouse model used in the examples 
can also be used. 

The recombinant protein can also be conveniently xised to prepare antibodies e.g. in a mouse. These can 
be used for direct confinnation that a protein is located on the cell-surface. Labelled antibody (e.g. 
30 fluorescent labelling for FACS) can be incubated with intact bacteria and the presence of label on the 

bacterial surface confirms the location of the protein. 

For many GBS proteins, the following data are given: 

- SDS-PAGE analysis of total recombinant E.coli cell extracts for GBS protein expression 

- SDS-PAGE analysis after the protein purification 
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- Westem-blot analysis of GBS total cell extract using antisera raised against recombinant proteins 

- FACS and ELISA analysis against GBS using antisera raise against recombinant proteins 

- Results of the in vivo passive protection assay 

Details of experimental techniques used are presented below: 
5 Sequence analysis 

Open reading ftames (ORFs) within nucleotide sequences were predicted using the GLIMMER program 
[Salzberg et al. (1998) Nucleic Adds Res 26:544-8]. Where necessary, start codons were modified and 
corrected manually on the basis of the presence of ribosome-binding sites and promoter regions on the 
upstream DNA sequence. 

10 ORFs were then screened against the non-redundant protein databases using the programs BLASTp 
[Altschul et al. (1990) J. Mol. Biol. 215:403-410] and PRAZE, a modification of the Smith-Waterman 
algorithm [Smith & Waterman (1981) J Mol Biol 147:195-7; see Heischmann et al (1995) Science 
269:496-512]. 

Leader peptides within the ORFs were located using three different approaches: (i) PSORT [Nakai 
15 (1991) Bull. Inst. Chem. Res., Kyoto Univ. 69:269-291; Horton & Nakai (1996) Intellig. Syst. Mol Biol. 
4:109-115; Horton & Nakai (1997) Intellig. Syst. Mol. Biol 5:147-152]; (ii) SignalP [Nielsen & Krogh 
(1998) in Proceedings of the Sixth International Conference on Intelligent Systems for Molecular 
Biology (ISMB 6), AAA! Press, Menlo Park, California, pp. 122-130; Nielsen et al. (1999) Protein 
Engineering 12:3-9; Nielsen et al. (1997). Int. J. Neural Sys. 8:581-599]; and (iii) visual inspection of the 
20 ORF sequences. Where a signal sequences is given a "possible site" value, the value represents the 
C-terminus residue of the signal peptide e.g. a "possible site" of 26 means that the signal sequence 
consists of amino acids 1-26. 

Lipoprotein-specific signal peptides were located using three different approaches: (i) PSORT [see 
above]; (ii) the "prokaryotic membrane lipoprotein hpid attachment site" PROSITE motif [Hofmann et 
25 al. (1999) Nucleic Acids Res. 27:215-219; Bucher & Bairoch (1994) in Proceedings 2nd International 
Conference on Intelligent Systems for Molecular Biology (ISMB-94), AAAI Press, pages 53-61]; and 
(iii) the FINDPATTERNS program available in the GCG Wisconsin Package, using the pattern 
. .(M,L,V)x{9,35]LxxCx. 

Transmembrane domains were located using two approaches: (i) PSORT [see above]; (ii) TopPred [von 
30 Heijne (1992) /. Mol. Biol. 225:487-494]. 

LPXPG motifs, characteristic of cell-wall attached proteins m Gram-positive bacteria [Fischetti et al. 
(1990) Mol Microbiol 4:1603-5] were located vidth FINDPATTERNS using the pattern 
(L,I,V,M,Y,F)Px{T,A,S,G) (G,N, S, T, A, L) . 
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RGD motifs, characteristic of cell-adhesion molecules [D'Souza et al. (1991) Trends Biochem Sci 
16:246-50] were located using FINDPATTERNS. 

Enzymes belonging to the glycolytic pathway were also selected as antigens, because these have been 
found experimentally expressed on the surface of Streptococci [e.g. Pancholi & Fischetti (1992) J Eoip 
5 Med 176:415-26; Pancholi & Fischetti (1998) J Biol Chetn 273:14503-15]. 

Cloning, expression and puriflcatimi of proteins 

GBS genes were cloned to facilitate expression in E. coll as two different types of fusion proteins: 

a) proteins having a hexa-histidine tag at the amino-terminus (His-gbs) 

b) proteins having a GST fusion partner at the amino-temiinus (Gst-gbs) 

10 Cloning was performed using the Gateway™ technology (Life Technologies), which is based on the site- 
specific recombination reactions that mediate integration and excision of phage lambda into and from the 
Exoli genome. A single cloning experiment included the following steps: 

1- Amplification of GBS chromosomal DNA to obtain a PGR product coding for a single ORF 
flanked by aWB recombination sites. 

15 2- Insertion of the PGR product into a pDONR vector (containing artP sites) through a BP reaction 

{atfQ x attV sites). This reaction gives a so called 'pEntry' vector, which now contains affL sites 
flanking the insert. 

3- Insertion of the GBS gene into E.coli expression vectors (pDestination vectors, containing attSi 
sites) through a LR reaction between pEntty and pDestination plasmids {atth x <2«R sites). 

20 A) Chromosomal DNA preparation 

For chromosomal DNA preparation, GBS strain 2603 V/R (Istituto Superiore Sanita, Rome) was grown 
to exponential phase in 2 litres TH Broth (Difco) at 37°C, harvested by centrifugation, and dissolved in 
40 ml TES (50 mM Tris pH 8, 5 mM EDTA pH 8, 20% sucrose). After addition of 2.5 ml lysozyme 
solution (25 mg/ml in TES) and 0.5 ml mutanolysin (Sigma M-9901, 25000U/ml m 1^0), the suspension 

25 was incubated at 37''C for 1 hour. 1 ml RNase (20 mg/ml) and 0.1 ml proteinase K (20 mg/ml) were 
added and incubation was continued for 30 min. at 37°C. 

Cell lysis was obtained by adding 5 ml sarkosyl solution (10% N-laurylsarcosine in 250 mM EDTA pH 
8.0), and incubating 1 hour at 37°C with firequent inversion. After sequential extraction with phenol, 
phenol-chloroform and chloroform, DNA was precipitated with 0.3M sodium acetate pH 5.2 and 2 
30 volumes of absolute etibanol. The DNA pellet was rinsed vwth 70% ethanol and dissolved in TE buffer 
(10 mM Tris-HCl, 1 mM EDTA, pH 8). DNA concentration was evaluated by OD^sa- 
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B) Olisomcleotide desien 

Synthetic oligonucleotide primers were designed on the basis of the coding sequence of each ORF. The 
aim was to express the protein's extracellular region. Accordingly, predicted signal peptides were 
omitted (by deducing the 5' end anq>lification primer sequence immediately downstream from the 
5 predicted leader sequence) and C-terminal cell-wall ancoring regions were removed (e.g. LPXTG motifs 
and downstream amino acids). Where additional nucleotides have been deleted, this is indicated by the 
suffix 'd' (e.g. GBS352d' - see Table V). Conversely, a sufSx 'L' refers to expression without these 
deletions. Deletions of C- or N-terminal residues were also sometimes made, as indicated by a 'C or 'N' 
suffix. 

10 The amino acid sequences of the expressed GBS proteins (including 'd' and 'L' forms etc.') are 
definitively defined by the sequences of the oligonuclotide primers given in Table H. 

5' tails of forward primers and 3' tails of reverse primers included a«Bl and attBl sites respectively: 

Forward primers: 5'-GGGGACAAGTTTGTACAAAAAAGCAGGCTCT-0RF in fiame-3' (the TCT 
sequence preceding the ORF was omitted when the ORF's first coding triplet began with T). 

15 Reverse primers: 5'-GGGGACCACTTTGTACAAGAAAGCTGGGTT-ORF reverse complement-3'. 

The number of nucleotides which hybridized to the sequence to be amplified depended on the melting 
temperature of Are primers, which was determined as described by Breslauer et al. [PNAS USA (1986) 
83:3746-50]. The average melting teirrperature of the selected oligos was 50-55°C for the hybridizing 
region and 80-85°C for tlie whole oligos. 

20 C) Amplification 

The standard PGR protocol was as follows: 50 ng genomic DNA were used as template in the presence 
of 0.5 iM each primer, 200 ^^M each dNTP, 1.5 mM MgQ, Ix buffer minus Mg^ (Gibco-BRL) and 2 
units of Taq DNA polymerase (Platinum Taq, Gibco-BRL) in a final volume of 100 jxl. Each sample 
underwent a double-step of amplification: 5 cycles performed using as the hybridizmg temperature 50°C, 
25 followed by 25 cycles at 68°C. 

The standard cycles were as follows: 



Denaturation: 94°C, 2 min 



5 cycles: 



Denaturation: 94°C, 30 seconds 
Hybridization: 50°C, 50 seconds 
Elongation: 72°C, 1 min. or 2 min, and 40 sec. 



30 



25 cycles : Denaturation: 94°C, 30 seconds 
Hybridization: 68°C, 50 seconds 
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Elongation: 72°C, 1 min. or 2 min. and 40 sec. 

Elongation time was 1 minute for ORFs shorter than 2000bp and 2:40 minutes for ORFs longer than 
2000bp. Amplifications were performed using a Gene Aiap PGR system 9600 (Perkin Elmer). 

To check amplification results, ^1 of each PGR product were loaded onto 1-1.5 agarose gel and the 
5 size of amplified ftagments was compared witli DNA molecular weight standards (DNA marker DC 
Roche, Ikb DNA ladder Biolabs). 

Single band PGR products were purified by PEG precipitation: 300 yii of TE buffer and 200 |li1 of 30% 
PEG 8000/30 mM MgGt were added to 100 fil PGR reaction. After vortexing, the DNA was centiifuged 
for 20 min at lOOOOg, washed with 1 vol. 70% ethanol and the pellet dissolved in 30 jil TE. PGR 
10 products smaller tiian 350 hp were purified using a PGR purification Kit (Qiagen) and eluted with 30 nl 
of the provided elution buffer. 

In order to evaluate the yield, 2)il of the purified DNA were subjected to agarose gel electrophoresis and 
compared to titrated molecular weight standards. 

D) Cloning of PC R products into expression vectors 
15 Gloning was performed following liie Gateway^" technology's "one-tube protocol", which consists of a 
two step reaction (BP and LR) for direct insertion of PGR products into expression vectors. 

BP reaction (affB x «tfP sites): The reaction allowed insertion of the PGR product into a pDONR 
vector. The pDONR™ 201 vector we used contains the killer toxin gene ccdB between affPl and a«P2 
sites to minimi2E background colonies lacking the PGR insert, and a selectable marker gene for 
20 kanamycin resitance. The reaction resulted in a so called pEntry vector, in which the GBS gene was 
located between attlA and attUl sites. 

60 finol of PCR product and 100 ng of pDONR™ 201 vector were incubated with 2.5 nl of BP 
clonase™ in a final volume of 12.5 ^1 for 4 hours at 25°G. 

LR reaction {atth x atfR. sites): The reaction allowed the insertion of the GBS gene, now present in the 
25 pEntry vector, into E.coli expression vectors (pDestination vectors, containing attK sites). Two 
pDestination vectors were used (pDESTlS for N- tenninal GST fusions - Figure 86; and pDEST17-l 
for N-terminal His-tagged fusions - Figure 87). Both allow transcription of the ORF fusion coding 
mRNA under 17 RNA polymerase promoter [Studier et cd (1990) Meth. Enzymol 185: 60^. 

To 5 nl of BP reaction were added 0.25 \i\ of 0.75 M NaGl, 100 ng of destination vector and 1.5 ^1 of 
30 LR clonase™ . The reaction was incubated at 25°G for 2 hours and stopped with 1 ^1 of 1 mg/nd 
proteinase K solution at 37°G for 15 min. 
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1 ^1 of the completed reaction was used to transfomi 50 \i\ electrocompetent BL21-SI™ cells (0.1 cm, 
200 ohms, 25 ^iF). BL21-SI cells contain an integrated T7 RNA polymerase gene under the control of 
the salt-inducible prU promoter [Gowrishankar (1985) J. Bacteriol. 164:434^. After electroporation 
cells were diluted in Ind SOC medium (20 g/1 bacto-ttyptone, 5 g/1 yeast extract, 0.58 g/1 NaCl, 0.186 g/1 

5 KCl, 20 mM glucose, 10 mM MgClj) and incubated at 37°C for 1 hour. 200 |jil cells were plated onto 
LBON plates (Luiia Broth medium without NaCl) containing 100 ^g/ ml ampidUin. Plates were then 
incubated for 1 6 hours at 37°C. 

Entry clones: In order to allow the future preparation of Gateway compatible pEntiy plasmids 
containing genes which might turn out of interest after immunological assays, 2.5 \i\ of BP reaction were 
10 incubated for 15 min in the presence of 3 ^1 0.15 mg/ml proteinase K solution and then kept at -20'*C. 
The reaction was in this way available to transform E.coli competent cells so as to produce Entry clones 
for future introduction of the genes in other Destination vectors. 

E) Protein expression 

Single colonies derived from the transformation of LR reactions were inoculated as small-scale cultures 
15 in 3 ml LBON 100 |Xg/ml ampicillin for ovemiglit growth at 25°C. 50-200 (4,1 of the culture was inoculated 
in 3 ml LBON/Amp to an initial OD600 of 0.1. The cultures were grown at 37°C until OD600 0.4-0.6 
and recombinant protein expression was induced by adding NaCl to a final concentration of 0.3 M. After 

2 hour incubation the final OD was checked and the cultures were cooled on ice. 0.5 ODeoo of cells were 
harvested by centrifugation. The cell pellet was suspended in 50 fxl of protein Loading Sample Buffer (50 

20 mM TRIS-HCl pH 6.8, 0.5% w/v SDS, 2.5% v/v glycerin, 0.05% w/v Bromophenol Blue, 100 mM 
DTT) and incubated at 100 °C for 5 min. 10 fil of sample was analyzed by SDS-PAGE and Coomassie 
Blue staining to verify the presence of induced protein band. 

F) Purificatio n of the recombinant proteins 

Single colonies were inoculated in 25 ml LBON 100 ng/ml ampicillin and grown at 25°C overnight. The 
25 overnight culture was inoculated in 500 ml LBON/amp and grown under shaking at 25 °C until ODeoo 
values of 0.4-0.6, Protein expression was then induced by adding NaCl to a final concentration of 0.3 M. 
After 3 hours incubation at 25 °C the final ODeoo was checked and the cultures were cooled on ice. After 
centrifugation at 6000 rpm (JAIO rotor, Beckman) for 20 min., the cell pellet was processed for 
purification or firozen at -20 °C. 

30 Proteins were purified in 1 of 3 ways depending on the fiision partner and the protein's solubility: 

Purification of soluble His-tagged proteins from E.coli 



1. Transfer pellets from -20°C to ice bath and reconstitute each pellet with 10 ml B-PER^"^ solution 
(Bacterial-Protein Extraction Reagent, Pierce cat. 78266), 10 pi of a 100 mM MgCt solution, 50 
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|il of DNAse I (Sigma D-4263, 100 Runits in PBS) and 100 ^,1 of 100 mg/ml lysozyme in PBS 
(Sigma L-7651, final concentration 1 mg/ml). 

2. Transfer resuspended pellets in 50 ml centrifuge tubes and leave at room temperature for 30-40 
minutes, vortexing 3-4 times. 

5 3. Centrifiige 15-20 minutes at about 30-40000 x g. 

4. Prepare Poly-Prep (Bio-Rad) columns containing 1 ml of Fast Flow Ni-activated Chelating 
Sepharose (Pharmacia). Equilibrate with 50 mM phosphate buffer, 300 mM NaCl, pH 8.0. 

5. Store the pellet at -20°C, and load the supernatant on to the cohmms. 

6. Discard the flow through. 

10 7. Wash with 10 ml 20 mM imidazole buffer, 50 mM phosphate, 300 mM NaCl, pH 8.0. 

8. Elute the proteins bound to the columns with 4.5 ml (1.5 ml + 1.5 ml + 1.5 ml) 250 mM imidazole 
buffer, 50 mM phosphate, 300 mM NaCl, pH 8.0 and collect three fiaddons of ~1.5 ml each. Add 
to each tube 15 \jI DTT 200 mM (final concentration 2 mM). 

9. Measure the protein concentration of the collected fractions with the Bradford method and analyse 
15 the proteins by SDS-PAGE. 

10. Store the collected fractions at +4°C while waiting for the results of the SDS-PAGE analysis. 

11. For immunisation prepare 4-5 aliquots of 20-100 ^g each in 0.5 ml in 40% glycerol. The dilution 
buffer is the above elution buffer, plus 2 mM DTT. Store the aliquots at -20°C imtil immunisation. 

Purification of His-tagged proteins from inclusion bodies 

20 1. Bacteria are collected from 500 ml cultures by centrifligation. If required store bacterial pellets at 
-20°C. Transfer the pellets from -20°C to room temperature and reconstitute each pellet with 10 
ml B-PER™ solution, 10 ^1 of a 100 mM MgCl, solution (final 1 mM), 50 lil of DNAse I 
equivalent to 100 Kunits units in PBS and 100 iil of a 100 mg/ml lysozime (Sigma L-7651) solution 
in PBS (equivalent to 10 mg, fmal concentration 1 mg/ml). 

25 2. Transfer the resuspended pellets in 50 ml centrifuge tubes and let at room temperature for 30-40 
minutes, vortexing 3-4 times. 

3. Centrifuge 15 minutes at 30-4000 x g and collect the pellets. 

4. Dissolve the pellets -with 50 mM TRIS-HCl, 1 mM TCEP {Tris(2-carboxyethyl)-phosphine 
hydrochloride, Pierce} , 6M guanidine hydrochloride, pH 8.5. Stir for ~ 10 min. with a magnetic 

30 bar. 

5. Centrifuge as described above, and collect the supernatant. 

6. Prepare Poly-Prep (Bio-Rad) columns containing 1 ml of Fast Flow Ni-activated Chelating 
Sepharose (Pharmacia). Wash the columns twice with 5 ml of 1^0 and equilibrate with 50 mM 
TRIS-HCl, 1 mM TCEP, 6M guanidine hydrochloride, pH 8.5. 
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7. Load the supematants from step 5 onto the coluims, and wash with 5 ml of 50 mM TRIS-HCl 
buffer, 1 mM TCEP, 6M urea, pH 8.5 

8. Wash the columns with 10 ml of 20 mM imidazole, 50 mM TRIS-HCl , 6M urea, 1 mM TCEP, 
pH 8.5. Collect and set aside the first 5 ml for possible ftirther controls. 

9. Elute proteins bound to columns with 4.5ml buffer containing 250 mM imidazole, 50 mM TRIS- 
HCl, 6M urea, 1 mM TCEP, pH 8.5. Add the elution buffer in three 1.5 ml aliquots, and collect 
the corresponding three fractions. Add to each fraction 15 jil DTT (final concentration 2 mM). 

10. Measure eluted protein concentration with Bradford method and analyse proteins by SDS-PAGE. 

11. Dialyse ovemight the selected fraction against 50 mM Na phosphate buffer, pH 8.8, containing 
10% glycerol, 0.5 M arginine, 5 mM reduced glutathione, 0.5 mM oxidized glutathione, 2 M urea. 

12. Dialyse against 50 mM Na phosphate buffer, pH 8.8, containing 10% glycerol, 0.5 M arginine, 5 
mM reduced glutathione, 0.5 mM oxidized glutathione. 

13. Clarify the dialysed protein preparation by centrifiigation and discard the non-soluble material and 
measure the protein concentration with the Bradford method. 

14. For each protein destined to the immunization prepare 4-5 aliquot of 20-100 ng each in 0.5 ml 
after having adjusted the glycerol content up to 40%. Store the prepared aliquots at -20° C imtil 
immunization. 

Purification of GST-fusion proteins from RcoH 

1. Bacteria are collected ficom 500 ml cultures by centrifiigation. If required store bacterial pellets at 
-20°C. Transfer flie pellets fix>m -20°C to room temperature and reconstitute each pellet with 10 
ml B-PER"^'« solution, 10 pi of a 100 mM MgClj solution (final 1 mM), 50 \A of DNAse I 
equivalent to 100 Kunits units in PBS and 100 ^1 of a 100 mg/ml lysozime (Sigma L-7651) solution 
in PBS (equivalent to 10 mg, final concentration 1 mg/ml). 

2. Transfer the resuspended pellets in 50 ml centrifuge tubes and let at room temperature for 30-40 
minutes, vortexing 3-4 times. 

3. Centrifijge 15-20 minutes at about 30-40000 x g. 

4. Discard centrifiigation pellets and load supematants onto the chromatography columns, as 
follows. 

5. Prepare Poly-Prep (Bio-Rad) columns containing 0.5 ml of Glutathione-Sepharose 4B resin. Wash 
flie colunms twice with 1 ml of HjO and equilibrate with 10 ml PBS, pH 7.4. 

6. Load supematants on to the columns and discard the flow ttirough. 

7. Wash the columns vsdth 10 ml PBS, pH 7.4. 

8. Elute proteins bound to columns with 4.5 ml of 50 mM TRIS buffer, 10 mM reduced glutathione, 
pH 8.0, adding 1.5 ml + 1.5 ml + 1.5 ml and collecting the respective 3 fractions of ~1.5 ml each. 
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9. Measure protein concentration of the fractions with the Bradford method and analyse the proteins 
by SDS-PAGE. 

10. Store the collected fractions at +4°C while waiting for the results of the SDS-PAGE analysis. 

11. For each protein destined for immunisation prepare 4-5 ahquots of 20-100 |ig each in 0.5 ml of 
5 40% glycerol. The dilution buffer is 50 mM TRIS-HCl, 2 mM DTT, pH 8.0. Store the aliquots at 

— 20°C until immunisation. 

Figures 167 to 170 and 238 to 239 

For the experiments shown in Figures 167 to 170, Figure 238 and lanes 2-6 of Figure 239, the GBS 
proteins were fused at the N-terminus to thioredoxin and at C-terminus to a poly-BSs tail. The plasmid 

10 used for cloning is pBAD-DEST49 (Invitrogen Gateway™ technology) and ejqpression is under the 
control of an L(+)-Arabinose dependent promoter. For the production of these GBS antigens, bacteria 
are grown on RM medium (6g/l Na2HP04, 3gA KH2PO4, 0.5 g/1 NaCl, 1 g/1 NH4CI, pH7,4, 2% 
casaminoacids, 0.2 % glucose, 1 mM MgCt) containing 100 ng/ml ampicillin. After incubation at 37°C 
until cells reach OD6oo=0.5, protein ejqpression is induced by adding 0.2% (v/v) L(+)Arabinose for 3 

15 hours. 

Immunisations with GBS proteins 

The purified proteins were used to immunise groups of four CD-I mice inhiaperitoneally. 20 ng of each 
purified protein was injected in Freiind's adjuvant at days 1, 21 & 35. Irmnune responses were 
monitored by using samples taken on day 0 & 49. Sera were analysed as pools of sera fix)m each group 
20 of mice. 

FACScan bacteria Binding Assay procedure. 

GBS serotype V 2603 V/R strain was plated on TSA blood agar plates and incubated ovemight at 37°C. 
Bacterial colonies were collected fix>m the plates using a sterile dracon swab and inoculated into 100ml 
Todd Hewitt Broth. Bacterial growth was monitored every 30 minutes by following ODgoo- Bacteria were 
25 grown until ODgoo = 0.7-0.8. The culture was centiifuged for 20 minutes at SOOOrpm. The supernatant 
was discarded and bacteria were washed once with PBS, resuspended in V2 culture volume of PBS 
containing 0.05% paraformaldehyde, and incubated for 1 hour at 37°C and then ovemight at 4°C. 

50m,1 bacterial cells (ODgoo 0.1) were washed once with PBS and resuspended in 20|J,1 blocking serum 
(Newborn Calf Senim, Sigma) and incubated for 20 minutes at room temperature. The cells were then 
30 incubated with lOOjil diluted sera (1:200) in dilution buffer (20% Newborn Calf Serum 0.1% BSA in 
PBS) for 1 hour at 4°C. Cells were centrifuged at 5000ipm, the supernatant aspirated and cells washed 
by adding 200|Xl washing buffer (0.1% BSA in PBS). 50|il R-Phicoerytiin conjugated F(ab)2 goat anti- 
mouse, diluted 1:100 in dilution buffer, was added to each sample and incubated for 1 hour at 4°C. Cells 
were spxm down by centrifugation at 5000rpm and washed by adding 200p,l of washing buffer. The 
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supernatant was aspirated and cells resuspended in 200|xl PBS. Samples were transferred to FACScan 
tubes and read. The condition for FACScan setting were: FL2 on; FSC-H thieshold:54; FSC PMT 
Voltage: E 02; SSC PMT: 516; Amp. Gains 2.63; FL-2 PMT: 728. Compensation values: 0. 

Samples were considered as positive if they had a A mean values > 50 channel values. 

5 Whole Extracts preparation 

GBS serotype in COHl strain and serotype V 2603 V/R strain cells were groAsm ovemight in Todd 
Hewitt Broth. 1ml of the culture was inoculated into 100ml Todd Hewitt Broth. Bacterial growth was 
monitored every 30 minutes by following ODfeoo. The bacteria were grown until the OD reached 0.7-0.8. 
The culture was centrifiiged for 20 minutes at 5000 rpm. The supernatant was discarded and bacteria 

10 were washed once with PBS, resuspended in 2ml 50mM Tris-HCl, pH 6.8 adding 400 units of 
Mutanolysin (Sigma-Aldrich) and incubated 3 hrs at 37°C. After 3 cycles of fieeze/thaw, cellular debris 
were removed by centrifugation at 14000g for 15 minutes and the protein concentration of the 
supernatant was measured by the Bio-Rad Protein assay, using BSA as a standard. 

Western blotting 

15 Purified proteins (50ng) and total cell extracts (25jig) derived firom GBS serotype m COHl strain and 
serotype V 2603 V/R strain were loaded on 12% or 15% SDS-PAGE and transferred to a nitrocellulose 
membrane. The transfer was performed for 1 hours at lOOV at 4'C, in transferring bufier (25mM Tris 
base, 192mM glycine, 20% methanol). The membrane was saturated by ovemight incubation at 4'C in 
saturation buffer (5 % skimmed milk, 0.1% Tween 20 in PBS). Tlie membrane was incubated for 1 hour 

20 at room tenxperature with 1:1000 mouse sera diluted in saturation buffer. The membrane was washed 
twice with washing buffer (3 % skimmed milk, 0.1% Tween 20 in PBS) and incubated for 1 hour with a 
1:5000 dilution of horseradish peroxidase labelled anti-mouse Ig (Bio-Rad). The membrane was washed 
twice with 0.1% Tween 20 in PBS and developed with the Opti-4CN Substrate Kit (Bio-Rad). The 
reaction was stopped by adding water. 

25 Unless otherwise indicated, lanes 1, 2 and 3 of blots in the drawings are: (1) the purified protein; (2) 
GBS-ni extracts; and (3) GBS-V extracts. Molecular weight markers are also shown. 

In vivo passive protection assay in neonatal sepsis mouse model. 

The immune sera collected from the CDl immunized mice were tested in a mouse neonatal sepsis model 
to verify their protective efficacy in mice challenged with GBS serotype EI. Newborn Balb/C littermates 

30 were randomly divided in two groups within 24 hrs from birth and injected subcutaneously with 25\i\ of 
diluted sera (1:15) from immunized CDl adult mice. One group received preimmune sera, the other 
received immune sera. Four hours later all pups were challenged with a 75% leflial dose of the GBS 
serotype III COHl strain. The challenge dose obtained diluting a mid log phase culture was administered 
subcutaneously in 25 \il of saline. The number of pups surviving GBS infection was assessed every 12 

35 hours for 4 days. Results are in Table III. 
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Example 1 

A DNA sequence (GBSxl402) was identified in S.agalactiae <SEQ ID 1> which encodes the amino acid 
sequence <SEQ ID 2>. Analysis of this protein sequence reveals the following: 

Possible site: 27 

»> Seems to have an uncleavable N-term signal seq 

INTEGRAL Likelihood = -0.48 Transmembrane 159 - 185 ( 169 - 185) 

Final Results 

bacterial membrane Certainty^O . 1192 (Affirmative) < suco 

bacterial outside Certainty=o. 0000 (Not Clear) < suco 

bacterial cytoplasm Certainty=0. 0000 {Not Clear) < suco 

The protein has homology with the following sequences in the GENPEPT database. 

>6P:CBB88235 GB:AL353012 hypothetical serine-rich repeat protein 
[Schizosaccharoniyces ponlbe] 
Identities = 41/152 <26%) , Positives = 75/152 (48%) , Gaps = 4/152 (2%) 



SS +++S +++D+S ++ 
Sbjct: 132 £ 

Query: 82 TEPSQPSPSEENKPDGRTKTE' 
S+ S S + D +++ 

Sbjct: 192 

Query: 139 ESSSSKflNDGK- 
SSS ++D + 

Sbjct: 252 

There is also homology to SEQ ID 1984. 

A related GBS gene <SEQ ID 8785> and protein <SEQ ID 8786> were also identified. Analysis of &is 
protein sequence reveals the following: 

Lipop; Possible site: -1 Crend: 5 
Mc6: Discrim Score: 6.72 
GvH: Signal Score (-7.5): -4.34 

Possible site: 27 
»> Seems to have an uncleavable N-term signal seq 
ALOM program count: 1 value: -0.48 threshold: 0.0 
INTEGRAL Likelihood = -0.48 
PERIPHERAL Likelihood = 0.16 
modified ALOM score: 0.60 

*** Reasoning Step: 3 



■-- Certainty=0. 1192 (Affirmative) < suco 
bacterial outside --- Certainty=0 . 0000 (Not Clear) < suco 
bacterial cytoplasm Certainty=0. 0000 (Not Clear) < suco 

50 LPXTG motif: 159-163 

SEQ ID 2 (GBS4) was expressed in E.coli as a GST-fusion product. SDS-PAGE analysis of total cell 
extract is shown in Figure 9 (lane 3; MW 43.11cDa) and Figure 63 (lane 4; MW 50kDa). It was also 
expressed in E.coli as a His-fusion product. SDS-PAGE analysis of total cell extract is shown in Figure 12 
55 (lane 7; MW 30kDa), Figure 63 (lane 3; MW 30kDa) and in Figure 178 Qane 3; MW BOkDa). 

GBS4-GST was purified as shown in Figure 190 (lane 6) and Figure 209 (lane 8). 
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Query: 
Sbjct 
Query; 
Sbjct; 
Query; 
Sbjct; 



M+T EM + I +L VAT D +G EN+ P R D++T + +N +T N+ +N 



61 KIEIAFVDRERLI^YRFVGTJffiIQTEGTYYEAAKKWAEGRMG--VPKAVGIIHVERiraiL 118 

+1 + R Y+F GT EI G Y++ +WA+ M PK+ ++ VE 1+++ 

61 RIMj-IPQM«lECI>yQFKGTVEIFKSGKyFDMVVEWRQiraiTEIia'KSMI^^ 119 

119 QSGRNRGKEI 128 
+ G AG+++ 

120 KPGEEfiGEKV 129 



A related DNA sequence was identified in S.pyogems <SEQ ID 797> which encodes the amino acid 
sequence <SEQ ID 798>. Analysis of this protein sequence reveals the following: 



Final Results 

bacterial cytoplasm — - Certainty=0. 0789 (Affirmative) ■ 

bacterial membrane Certainty=0. 0000 (Not Clear) < i 

bacterial outside Certainty=0 . 0000 (Not Clear) < ! 

An alignment of the GAS and GBS proteins is shown below. 

Identities = 123/128 (96%), Positives = 127/128 (99%) 
Sbjct: 

Query: 61 KIEIAFVDRERIJjGVRFV6TAEIQTBGTYYEAftKK«aEGR^KSVPKA^ 120 

KIEIAFVDRERLLGXRFVGTaEIQTBG YyEaaKKMA+GRMGVPKAVGIIHVERIPNLQS 
Sbjct: 61 KIEIAFVDRERIJCYEFVGTaEIQTEGAYYEAaKKWAQGRRIGVPKRVGIIHVERIKNI^ 120 

Query: 121 GaKAGKEl 128 

GANAGKEI 
Sbjct: 121 GSNflGKEI 128 

Based on this analysis, it was predicted that these proteins and their epitopes could be usefiil antigens f 



Example 253 

A DNA sequence (GBSx0268) was identified in S.agalactiae <SEQ ID 799> which encodes the amino acid 
sequence <SEQ ID 800>. Analysis of this protein sequence reveals the following: 

Possible site: 22 

»> Seems to have a cleavable N-term signal seq. 

INTEGRAL Likelihood = -5.47 Transmembrane 1028 -1044 (1027 -1048) 

Final Results 

bacterial membrane Certainty=0. 3187 (Affirmative) < suco 

bacterial outside Certainty=0. 0000 (Not Clear) < suco 

bacterial cytoplasm Certainty=0. 0000 (Not Clear) < suco 



The protein has homology with the following sequences in the GENPEPT database: 

!GB:AF054892 surface antigen BspA [Bacteroides forsy. . . 

!GB:AF054892 surface antigen BspA [Bacteroides forsy... 

,55 !GB:AF054892 surface antigen BspA [Bacteroides forsy... 

1GB:AF054892 surface antigen BspA [Bacteroides forsy... 

!GB:AF054892 surface antigen BspA [Bacteroides forsy... 



>GP:AAC82625 GB:AF054892 surface antigen BspA [Bacteroides 
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= 243/566 (42%), Gaps = 52/566 (9%) 

Query: 95 VPKaKPEVTQE^SNSS^mAS^CVEVPKQDTASKKETLETSTl■^EAKI)FVTRGDTLVG F 150 

+P+++A + ++PTA+LT + T+G F 

Sbjct: 120 IPNSVTTIGEWAFKGCSGLKSITLENSI.TAIGQSALSGCTGLTSITIPNSVTTIGEWZiFF 179 

Query: 151 SKSGINKLSQTSHLVLPSHAA— DGTQLTQVaSFAETPDKiCrAIAEYTSRLGENGKPSRL 208 • 

SG+ ++ + L +A LT + PD T I E + G +G S 

Sbjct: 180 GCSGLTSITFPNSLTAIGESAFYGCGaiiTSIT LPDALTTIGESAFK-GCSGLKSIT 234 

Query: 209 DIDQKEIIDEGEIFNAYQLTKLTIENGYKSIGQDAFVDNKNIAEVNLPESLETISDYAFA 268 

+ I E ++ LT +T+P+ +IG+ AF + + P SL TI + AF 

Sbjct: 235 FPNSLTTIGESAFYDCGALTSITLPDALTriGRSAFYGCSGLKSITFPNSLTTIGESAFY 294 

Query: 269 HM-SLKQVKLPDNLKVIGELAFFDNQIGGKLYLPRHLIKLAERAFKSNRIQTVEFLGSKL 327 

+ SL + +P+++ IG AF+ + LP L + ERAF + + T + + + 

Sbjct: 295 NCSSSLTSITIHJSVTriGRSAFYGCSGLKSITLPDGLTTIEERAFYNCGVLTSITIPNSV 354 

Query: 328 KVlGEaSFCP-MSffjRNVMLEIXSLEra^ 386 

IGE++F + L+++ LPDGL IE AF N L + T N E 

Sbjct: 355 ATIGESAFYOCBGLKSITLEDGLTTIEWGSiFY— - NCXSaLTSITIKNSVSTIGE 405 

Query: 387 NTYVIIPDKSIMiATPDMDYTKWLEEDFTYQKl!KVTGFS---N^ 443 

+ + +L T D ++ D +++ +++G G + V K ++ K+ 

Sbjct: 406 SAFY(KG-ALKI3TOa™DTPIDIQiaD-VFEELTLSGIRLHVPAGKKTVYE7SK 461 

Query: 444 MSITITEIGimFRNVDFQSKTLRKroiflEIiaiPSTIRKIGAFAFQSbmLKSFEASE^ 503 

N + + G + N D +KTL + PT + +EA++L 
Sbjct: 462 NIVEDDDFGGLQW-NYDAATKTLTITN PTPDTPKPMENERTPNDQLW— 507 

Query: 504 EIKBGAFMKnSIRIGTLDLKDKLIKIGimFH-INHIYAIVLPESVQEIGRSAFRQNGMiH^ 562 

GAP I + + D + +GD AF + + +1 LP+SV IG+SAF L 
Sbjct: 508 GRFQKE-IQKITIGDGVTSVGDFAFSGCDALKSITLPKSVTTIGQSAFSGCWDLRS 562 

Query: 563 MFIGNKWa'IGEMAFLSNKLESVNLSEQKQLKTIEVQAFS-D^lflLSEVVLPPNLQTIREE 621 

+ + + V TIGE AF + IB +++ K + I + F +L+ + LP L I ++ 
Sbjct: 563 LTLPDGVNTIGEKRFY-DCLELTSITIPKSVTAIGQETFHYCVSLTSLTLPDALTAIGKK 621 

Query: 622 AF-KRNHLKEVKGSSTLSQITFNAFD 646 

AF N L V +++ I NAFD 
Sbjct: 622 AFYSCNALTSVTFPKSITTIGENAFD 647 
Identities = 109/407 (26%), Positives = 175/407 (42%), Gaps = 48/407 (11%) 

Query: 222 FNAYQLTKLTIPNGYKSIGQDAFVDNKNIAEVNLPESLETISDYAFAHMS-LKQVKLPDN 280 

F+ LT +T+PN +IG AF + + +P S+ TI ++AF S LK + LP++ 

Sbjct: 87 FSDCALTSVTLPNSLTAIGDHAFKGCSGLTSITIENSVTTIGEWAFKGCSGLKSITLPNS 146 

Query: 281 IJCVIGEIAFFDMQIGGKLYIJ>iaaiKLAERAFKSHRIQTVEFLGSKLKVIGEASFQD-MN 339 
L IG+ A ++P + +EAF T +L IGE++F 

' Sbjct: 147 LTAIGQSALSGCTGLTSITIPNSVTTIGEWAFFGCSGLTSITFPNSLTAIGESAFYGCGA 206 

Query: 340 LFOlTOTffiPIXSIiEKIESEAFTGlTCDEHYimQVVLRTRTGQNPHQIATEiniYV^ 399 

L ++ LPD L I AF G G 
Sbjct: 207 LTSITLPDALTTIGESAFHGCSG-- 

Query: 400 TPDMDYTKOTiEEDFTyQKWSVTGFSNIOSLQKVRRHKin^IPKQm^ 459 

PD ++T K++ P ++T IG++AF N 

Sbjct: 258 LPD ALTTIGRSAFXGCBGLKSITFPN SLTTIGESAFYNC 296 

Query: 460 DFQSKTLRKTOLEEIKI^STIRKIGaERPQS-NOTjKSFEASEDLEEIKBGAFMNin^ 517 

L I +P+++ IG AF + LKS + L I+E AF N + T 
Sbjct: 297 G SLTSITIPNSVTTIGRSAFYGCSGLKSITLPDGLTTIEERAPXWOGVLTS 347 

Query: 518 LDLKDKMKIGDAAFH-INHIYAIVLPESVQEIGRSAFRQNGaLHLMFIGNiOTKTIGEMa 576 

+ + + + IG++AF+ + + +1 LP+ + I AF GAL + I N V TIGE A 
Sbjct: 348 ITIPNSVATIGESAFyGCSGLKSITLPDGLTTIEWGAFXNOGALTSITIPNSVSTIGESA 407 
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Query: 577 FLS-NKLESVKLSEQKQLKTIEVQRFSDNaLSEVVL--PMILQTIRE 620 

F L+V++ +1+ F+I£ + LP +T+ E 

Sbjct: 408 FYGCGALKDVTWAWDTPI-DlQmVFRELTLSGIRLHVPAGKKTVYE 453 
Identities = 111/465 (23%), Positives = X85/465 (38%), Gaps = 56/465 (12%) 

Query: 141 VTRGDTLVGFSKSGINKLSQTSHLVLPSHAADGTQLT(3VASFAF TPDKKT 190 

+T D L +S S + P+ LT + AF PD T 

Sbjct: 210 ITLPDALTTI6ESAFKGCSGLKSITFPN SLTTIGESAFYDOSaLTSITLPDALT 263 

Query: 191 AIlffiCTSRLGENGKPSRU^IDQKEIIDEGEIFmYQLTKLTIPNGYKSIGQDAFVDNKNI 250 

I ++ G +G S + I E +N LT +TIH!I +IG+ AF + 
Sbjct: 264 TIGR-SAFYGCSGUCSITFENSLrriGESAFMjaMLTSITIENSVTTIGRSRF^ 322 

Query: 251 a 



Query: 310 RftFKSNRIQTVEPLGSKLKVIGEaSFQD-NNIfiMVMLP-ro TGNPG 362 

AF + T + + + IGE++F L++V + ■ D 1+ + F +6 

Sbjct: 383 GAFYIICGALTSITIENSVSTIGESAFYGCG&IJroVTVAWDTPIDIQRrW^ 442 

Query: 363 DEHliMNQWIjRTRTCQNPHQLRTEN TYVHPDKSLWRATEDM0YTKWLEEDFTY 415 

+ V + + ++ Y K+L P D K + +F 

Query: 416 QKNSVTGFSNKGLQKVRKNKtOiBIPKQHIISITITEIGDIIAFIiNnmFQSK^^ 475 
G +T +GD AF D L+ I 

— -IGDGVTSVGDEaESGO) ALKSIT 541 

Query: 476 LPSTIRKIGAFAFQSN-NLKSFEASEDLEEIKBGAFMN-lSlRIGTIiDLKDKLIKIGIlAAFH 533 

LP ++ IG AF +L+S ++IKAF+ ++++ +IG FH 
Sbjct: 542 LPKSVTTIGQSAFSGCm)LRSLTLPIX3VimGEKaFYIXIELTSITIPKSVTAIGQETFH 601 

Query: 534 -INHIYAIVLPESVQEIGRSAFRQNGALHLMFIGNKVKTIGEMAF 577 

+ ++ LP+++ IG+ AF AL + + TIGE AF 

Sbjct: 602 YCVSLTSLTLPDALTAIGKKAFYSCNALTSVTFPKSITTIGENAF 646 
Identities = 98/351 (27%), Positives = 152/351 (42%), Gaps = 53/351 (15%) 

Query: 315 NRIQTVEFLGSKIjKVIGEASFQDNI^RmmLPDGLEKIESEAFTGNPGDEHYMNQVVLRT 374 

++IQTV +G + +6 +F D L +V LP+ L I AF G G L + 

Sbjct: 68 SKIQTVT-IGDGVTSVGNNAFSDCALTSVTLPNSLTAIGDHAFKGCSG LTS 117 

Query: 375 RTG!3NPHQLATEinrmtPDKSIM«i.TPDMDYTKra^!EDFrYQKNSV^ 434 

T P+ + T + S ++ NS+T L 

Sbjct: 118 IT— IMISVTTIGEWAFKGCS6LKSIT LENSLTAIGQSALSGCTGL 161 

Query: 435 KNLEIPKQHHGITITEIGnNAF RNVDPQSKTLRKYD LEEIKLPSTI 480 

++ IP ++T IG+ AF ++ F + + L I LP + 

Sbjct: 162 TSITIEN STOTIGEMAFPGCSGLTSITFPNSLTAIGESAFYGCGALTSITLPDAL 216 

Query: 481 RKIGaFAFQS-im.KSFEASEDLEEIKEGAFMN-lKIGTIJ3LKDKLIKI6DiaAFH-im 537 

IG AF+ + LKS L IEAF+ +++LDL IG +AF+ + + 

Sbjct: 217 TTIGESAFKGCSGLKSITFENSLTTIGESAFYDCGALTSITLPDALTTIGRSAFYGCSGL 276 

Query: 538 YAIVLPESVQEIGRSAFRQNGaim,MFIGNKVKTI6EMAFLS-NKLESVNLSEQKQLKTI 596 

+1 P S+ IG SAF 6+L + I K V TIG AF + L+S+ L + L TI 
Sbjct: 277 KBITFPNSLTTIGESAFYNCGSLTSITIPHSVTTIGRSAFyGCSGLKSITLPD--GLTTI 334 

Query: 597 EVQAFSD-NALSEWLPPNLQTIREEAFKR-IOHLKEVKGSSTLSQITFKAF 645 

E +AF + L+ + +P ++ TI E AF + LK + L+ I + AF 

Sbjct: 335 EERAFXNCGVLTSITIPNSVATIGESAFYGCSGLKSITLPDGLTTIEWGAF 385 
Identities = 78/282 (27%) , Positives = 123/282 (42%) , Gaps = 46/282 (16%) 

Query: 111 ITOASKVEVPKQDTASKKETLETSTWEAKDFVTRGDTLVGFSKSGINKLSQTSHLVLPS - - 168 

N+AS E+P SK +T VT GD + + + + TS + LP+ 

Sbjct: 56 NNAS— EIPWHSLQSKIQT VTIGDGVTSVGNNAFSDCALTS-VTLPNSL 101 

Query: 169 HAADG TQLTQVASEAFT PDKKTAIAEYTSRIiGENG 203 



wo 02/34771 



PCT/GBOl/04789 



Sbjct: 

Query: 204 KPSRLDIDQKEIIDKGEIFNAYQLTKLTIPNGYKSIGQDAFVDHKNiaEVNLEESLETIS 263 

S + I E F LT +T EN +IG+ AF + + I.P4+L TI 

Sbjct: 161 LTSITIPNSVTTIGEWAFFGCSGLTSITFPNSLTAIGESAFyGCGALTSITLPDALTTIG 220 

Query: 264 DYAFAHMS-LKQVKLPDIOTjKVIGEIjAFFDNQIGGKLYLPRHLIKLAERAFKS-NRIQTVE 321 

+ AF S LK + P++L IGE AF+D + LP L + AF + ++++ 

Sbjct: 221 ESAFKGCSGLKSITFPNSLTTIGESAFYDCGALTSITLPDALTTIGRSAFYGCSGLKBIT 280 

Query: 322 FLGSKLKVIGEASFQD-NNLRMVMLPDGIIEKIESEAFTGNPS 362 

F S L IGE++F + +L ++ +P+ +1 AF G G 
Sbjct: 281 FPNS-LTTIGESAFYNCGSLTSITIPNSVTTIGRSAFYGCSG 321 
Identities = 43/144 (29%) , Positives = 70/144 (47%) , Gaps = 4/144 (2%) 

Query: 220 EIFNAYQ--LTKLTIPNCTKSIGQDAFVDNKNIAEVMLPESLETISDYAFAHM-SLKQVK 276 

+++ A+Q + K+TI -tG S+G AF + + LP+S+ TI AF+ L+ + 

Sbjct: 505 QLWGS^KEIQKITIGDGVTSVGDFAFSGCDALKSITLPKSVTTIGQSAFSGCWDLRSLT 564 

Query: 277 IJ>DMLKVIGBIiRFFnNQIGGKLYLPRHLIKIiaEWiFKSiroiQT\ffiFIjGSK^ 336 

LED + IGE AF+D + +P+ + + + F T L L IG+ +F 

SSsjct: 565 LPDG\OTIGEKAF!nX3ELTSITIPKSVTAIGQETFHYCVSLTSLTLPDaLTRIGKKaFY 624 

Query: 337 D-HNLRNVMLPDGLEKIBSEAFTG 359 

NL+VP + I AFG 
Sbjct: 625 SGNALTSVTFPKSITTIGENAEDG 648 
Identities = 43/134 (32%) , Positives = 66/134 (49%) , Gaps = 12/134 (8%) 

Query: 511 MNNRIGTUJIiKDKLIiaGnaAFHIlffilYAIVLPESVQEIGRSAFRQNGMiHLMFIOM^ 570 

+ ++I T+ + D + +G+ AF + ++ LP S+ IG AF+ L + I N V 
Sbjct: 66 I<2SKIQTVTI(aX3VTSVGMHaFSDCM.TSVTLPNSLTAIGDHAFTCGCBGLTSITIPIKVT 125 

Query: 571 TIGEMAFLS-NKLESWOTBEQKQLKriEVQAFSD-NaLSEVVLPPNLQTIREEAFKRNHL 628 

TIGE AF + L+S+ L LI AS L+ + +P ++ TI E AF 
Sbjct: 126 TIGEWAFRGCSGLKSITL--ENSLTAIGQSALSGCTGI/rSITIEIIISVTTIGEWAF 178 

Query: 629 KEVKGSSTLSQITF 642 

G S Iri- ITF 
Sbjct: 179 — -PGCSGLTSITF 189 

A related DNA sequence was identified in S.pyogenes <SEQ ID 801 > which encodes the amino acid 
sequence <SEQ BD 802>. Analysis of this protein sequence reveals the following: 

Possible site: 21 
»> Seems to have a cleavable N 
INTEGRAL Likelihood = -2. 

Final Results 

bacterial membrane Certainty=0 .1977 (Affirmative) < suco 

bacterial outside Certainty=Q. 0000 (Not Clear) < suco 

bacterial cytoplasm — Certainty=0. 0000 (Not Clear) < suco 

LPXTG motif: 975-979 

An alignment of the GAS and GBS proteins is shown below: 

Identities = 751/1050 (71%), Positives = 861/1050 (81%), Gaps = 45/1050 (4%) 

Query: 3 KIOniKTIJUALTTVSVVTySQEVYGLEREESWQEQTQSA-SEDDWFEEDNERimwSKB 61 

KKHLKT+AL LTmraWT++QEV+ L +E +KQ Q S+ S D+ E + K +++ 
Sbjct: 2 KKHIJCTWALTLTTVSVVTHNQEVFSLVKEPILKQTQASSSISGADYAESSGKSKLKINET 61 

Query: 62 NST\7DETVSDLFSIX3NSMNSSSKTESWSDPKQVPKAKPEVTQEASNSSNDASKVEVPKQ 121 

+ VD+TV+DLFSD + K +Q KA E T E+ S++E K+ 

Sbjct: 62 SGPVDDTVTDLFSDKRTTPEKIKDNLAKGPREQELKAVTENT-ESEKQITSGSQLEQSKE 120 
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Query: 122 DTASKICETLETSTWEAKDFVTRGDTLVGFSKSCSINKLSQTSHLVLPSHAADGTQLTQVAS IBl 

+ K TS WE DF+T+G+TLVG SKSG+ KLSQT HLVLPS AADGTQL QVAS 
Sbjct: 121 SLSIJ5iCrVPSTSNWEICDFITKGNTLVGLSKSGVEKLSQTDHLVLPSC3AADGTQLIQVAS 180 

Query: 182 FAFTPDKKTAIAEYTSRLGENGKPSRLDIDQKEIIDEGEIFNAYQLTKLTIPNGYKSIGQ 241 

FAFTPDKKTAIAEYTSR GENG+ S+tD+D KEII+EGE+FN+Y L K+TIP GYK IGQ 
Sbjct: 181 FAFTPDKKTAIAEYTSRAGENGEISQLDVDGKEIINEGEVFNSYLLKKVTIPTGYKHIGQ 240 

Query: 242 laFVDNKNIAEVNLPESIiETISDYAEAIMSLKQVKLPDNLKVIGELAFFDNQIGGKLYIjP 301 

DRFVDNKNIM:VI<ILPEStBTISDYAEAH++LKQ+ LPDNLK IGELAFFDNQI GKL LP 
Sbjctt 241 DaFVDNKNIAETOLPESI^TISDYAFAHIJVMCQIDLPDNLKAIGEl^FDNQITGKLSLP 300 

Query: 

Sbjct: 301 

Query: 362 GDEHYmQVVIiRTRTGQNPHQIATEimVNPDKSLVreATPlM)YTKMLEEDFr^ 421. 

GD+HYHN+WIi T++G+NP IATENTYV1IPDKSLW+ +P++DYTKWI.EEDFTyQKNSVT 
Sbjct: 361 GDDHYNmVVLmKSGKOTSGLATEKmn/NPDKSLWQESPEIDYTKVrajEEDm 420 

Query: 422 GFSMBLQKURRNKm^IPKQHMSITITEIGimFRmroFQSKTL^^ 481 

GFSNKBLQKV+RNKI^lEIPKQH]&TITEIGImFR^TO)FQ+KTIlRKYDL^^ 
Sbjct: 421 GFSMKBLQKWKRNKNLEIPKCPilBVTITEIGIMBiFRN^ 480 



LPESVQEIGRSAFRQNGR +Irf-F+G+KVKT-tGEMaFIjSN+LE -M-LSEQKQL I VQAF 



KIGAFAFQSNMLKSFEAS+DEiEEIKBGaEMNNRI TL+LKDKL+ IGDAAFHIHHIYAIV 
Sbjct: 481 KIGAFAFQSNMIiKSFEASDDIiEEIKEGftFMNiroiETIjELKDKLVTIGDAaFHIlffllYM 540 

Query: 542 

Sbjct: 541 

Query: 602 

SDNAL EV+LP +L+TIREERFK+jtIHIiK+++ -t-S LS I ENA D NDGD++F KWV+ 
Sbjct: 601 SimLKEVLLPASLKTIREEaFKia)mKQLEVaSaLSHIAFISIM.D 660 

Query: 662 THNNSHMLA]X3ERFIIDPDKIjSSTMVnUaK\n^KIIEGI^YS™iQTTQTQFR^ 721 

TH+NS+ IiADGE FI+DmKIiSST+VDIiEK+LK+IEGLDYSTIiRQTTQTQER+MTTASKA 
Sbjct: 661 THHNSYMATOEHFIVDPDKLSSTIVDIiEKILKLIEGIiDYSTLRQTTQTOBroMTTM 720 

Query: 722 LLSKSNLRQGEKQKFUSEliQFFLGRVDIDKaiJUCAEKMiOTKKRTKiraHIiL 781 

LLSKSNrJlQGEKQKFICEAQFELGRTOIDKAIJUQfflKaLVTKKATKNG LLERSINKRVL 
Sbjct: 721 liSIffiiniRQGEKQKFLQEAQFFLGRVDIiDKaiAKAEKaLOTiaCATKNGQUMSINK^^ 780 

Query: 782 AYMNSAIKKBNVKRLEKELDLLTDLVBGKBPIAQATIWQGVYIi 841 

AYNNSAIKKMJVKRLEKELDLLT LVEGKSPIAQATMVQGVYLLKTPLPLPEYYIGUlVy 
Sbjct: 781 AYNNSAIKKANVKRLEKEIDLLTGLVEGIEPLAQAlJWQGVYIiKTPLPLPE^^ 840 

Query: 842 FDKSGKLIYAMMSiyriGEGQKDAYGIJPIOTOSEDNEGYHTIAVATI^^ 901 

FDKSGKLIYALDMSDTIGEGQKDAYGNPILNVDEEINEGra LAVATLADYBGL IK ILN 
Sbjct: 841 FDKSGKLIYAIIJMSDTIGEGQKDAYGNPIIJTOEDNEGYHaiAVATIiaDYB^ 900 

Query: 902 SSLDKIKAIRQIPIJUaHRLGIPQAIRNRAaEaDRIiPKTPKGYLNEVEimaC^^ 961 

S L ++ +IRQ+P A YHR GlFQAI+NRAaEA++LLPK 
Sbjct; 901 SKLSQLTSIRQVPTAAYHRAGIFQAIQNAAAEaEQIiLPK 939 

Query; 962 KPTOYKTPIFNKALPNEKVIKSDRAAKGHNINAETNNSVAVTPIRSEQQLHKSQSDVNLPQ 1021 

++++ + N++ ++S + ++ + LP+ 

Sbjct: 940 PGTHSEKSSSSESftNSKDRG LQSNPKTNRGRHSAILPR 977 

Query: 1022 TSSKHNFIYEILGYVSLCLLFLVTAGKKGK 1051 

T SK +F+Y ILGY S+ IiL L+TA KK K 
Sbjct: 978 TGSKGSFVYGILGYTSVALLSLITAIKKKK 1007 



SEQ ID 800 (GBS97) was expressed in E.coli as a His-fusion product. SDS-PAGE analysis of total cell 
extract is shown in Figure 17 (lane 12; MW 1 13.4kDa). 
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It will be understood that the invention has been described by way of example only and modifications 
be made whilst remaining within flie scope and spirit of the invention. 
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TABLE I - THEROETICAL MOLECULAR WEIGHTS FOR GBS PROTEINS 



GBS# 


expected mol. weight (dalton) 


GST-fusion 


t^is-fiision 


Native 


1 


78425 


53460 


49720 


2 


40035 


15070 


11330 


3 


90305 


65340 


61600 


4 


43115 


18150 


14410 


5 


158835 


133870 


130130 


6 


39265 


14300 


10560 


7 


44985 


20020 


16280 


8 


56315 


31350 


27610 


9 


50265 


25300 


21560 


10 


96465 


71500 


67760 


11 


91515 


66550 


62810 


11d 


85905 


60940 


57200 


12 


64455 


39490 


35750 


13 


40475 


15510 


11770 


14 


33325 


8360 


4620 


15 


44765 


19800 


16060 


16 


73475 


48510 


44770 


17 


46745 


21780 


18040 


18 


54335 


29370 


25630 


19 


46085 


21120 


17380 


20 


47625 


22660 


18920 


21 


56535 


31570 


27830 


21 long 


66435 


41470 


37730 


22 


60055 


35090 


31350 


23 


60165 


35200 


31460 


24 


58405 


33440 


29700 


25 


50265 


25300 


21560 


26 


118245 


93280 


89540 


28 


63795 


38830 


35090 


29 


50595 


25630 


21890 


30 


44215 


19250 


15510 


31 


63795 


38830 


35090 


31d 


58735 


33770 


30030 


32 


40585 


15620 


11880 


33 


71495 


46530 


42790 


34 


69295 


44330 


40590 


35 


56535 


31570 


27830 


36 


59065 


34100 


30360 


37 


46965 


22000 


18260 


38 


61815 


36850 


33110 


39 


65225 


40260 


36520 




75235 


50270 


46530 


42 


46745 


21780 


18040 


43 


58955 


33990 


30250 


44 


52355 


27390 


23650 


45 


43555 


18590 


14850 


46 


59835 


34870 


31130 


47 


84255 


59290 


55550 


48 


86455 


61490 


57750 


48d 


106695 


81730 


77990 


49 


59615 


34650 


30910 


50 


94155 


69190 


65450 
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260 


48175 


23210 


19470 


261 


55765 


30800 


27060 


262 


75345 


50380 


46640 


263 


63465 


38500 


34760 


264 


47185 


22220 


18480 


265 


56315 


31350 


27610 


266 


51365 


26400 


22660 


267 


88655 


63690 


59950 


268 


50265 


25300 


21560 


269 


60495 


35530 


31790 


270 


59285 


34320 


30580 


271 


56315 


31350 


27610 


272 


118355 


93390 


89650 


272d 


98885 


73920 


70180 


273 


70945 


45980 


42240 


274 


56205 


31240 


27500 


275 


47515 


22550 


18810 


276 


147945 


122980 


119240 


277 


87005 


62040 


58300 


277d 


75675 


50710 


46970 


278 


52245 


27280 


23540 


279 


79415 


54450 


50710 


280 


88655 


63690 


59950 


281 


74465 


49500 


45760 


281 d 


71495 


46530 


42790 


282 


44765 


19800 


16060 


283 




20240 


16500 


284 


67645 


42680 


38940 


285 


57525 


32560 


28820 


286 


41355 


16390 


12650 


287 


61045 


36080 


32340 


287d 


57085 


32120 


28380 


288 


53675 


28710 


24970 


288d 


51035 


26070 


22330 


289 


65005 


40040 


36300 


289 long 


71825 


46860 


43120 


290 


47405 


22440 


18700 


291 


63795 


38830 


35090 


292 


103505 


78540 


74800 


293 


115935 


90970 


87230 


293d N-term 


73805 


48840 


45100 


293d C-term 


70835 


45870 


42130 


294 


75785 


50820 


47080 


295 


89425 


64460 


60720 


296 


60385 


35420 


31680 


297 


100205 


75240 


71500 


298 


54335 


29370 


25630 


299 


62255 


37290 


33550 


300 


130895 


105930 


102190 


301 


54885 


29920 


26180 


302 


80075 


55110 


51370 


303 


53235 


28270 


24530 


304 


75125 


50160 


46420 


305 


78645 


53680 


49940 


306 


67975 


43010 


39270 


307 


86675 


61710 


57970 


308 


59285 


34320 


30580 
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TABLE n - PRIMERS USED TO AMPLIFY GBS/inw PROTEINS 

Forward primers begin 5' -GGGGACAAGTTTGTACAAAAAAGCAGGC-3 ' and continue with the sequences 
indicated in the table below; reverse pruners begin 5 ' -GGGGACCa.CTTTGTACAAGAAAGCTGGGTT-3 ' and 
5 continue with the sequences indicated in the table. The primers for GBSl are thus: 
F wd: GGGGACAAGTTTGTACAAAAAAGCAGGCT ctcaatctcatattgtttcag 
Rev: GGGGACCACTTTGTACAAGAAAGCTGGGTTATTTTTAGACATCATAGACA 
The full forward primer sequences are given in the sequence listing as SEQ IDs 10968-11492. The 



reverse primer sequences are SEQ IDs 11493-12017. 



GBS 


Forward 


Reverse 


1 


TCTCAATCTCATATTGTTTCAG 


atttttagacatcatagaca 


2 


TCTAATTACATTATrACATmTG 


GGGAATGCCTACAAA 


3 


TCTGATACTAGTTCAGGAATATC 


Tl 1 n TACTATACTnTTGT 


4 


TCTGATACAAGTGATAAGAATACT 


TTCCmTTAGGCTTACT 


5 


TCTATTTTTCTTCATAGTCCAC 


ATTAGCTTCATTTGTCAG 


6 


TCTGAATGGGTGTTATTAACTC 


AGTTTCTTCTr 1 AAAATCAT 


7 


TCTACAAATTCTTATTTTAGCAA 


CTCTGAAGCTGTAAAACC 


8 


TCTGTATCAGTTCAGGCGT 


TTTATCAATGTTTGAAACG 


9 


TCTGCTGCTCTAGGACAAC 


TAGTAAATCAAGI I 1 1 IGCA 


10 


TCTTTTGTTGTTGCCTTATT 


ATCCCTTCTATTTTCGA 


11 


TCTCCACCTATGGAACGT 


ATGTAGTGACGTTTCTGTG 


lid 


TCTCAGAAAGTCTATCGGG 


ATGTAGTGACGTTTCTGTG 


12 


TCTAGTGAGAAGAAAGCAAAT 


ATTGGGTGTAAGCATT 


13 


TCTTCTTGGAATTATTGGAG 


CTTAACTCTAGCCGTCC 


14 


TCTGCAATGATTGTAACCAT 


TTTTCTCTTATTAAAGAATT 


15 


TCTGCATCTTATACCGTGAA 


ATACCAGCCGTTACTATT 


16 


TCTGCCGAGAAGGATAAA 


TTTAGCTGC 1 1 1 T 1 1 AATG 


17 


TCTGrrTATAAAGTrATTCAAAA 


AAATACTACATTTACAGGTG 


18 


tctaagcctaacagtcaaca 


TTGGTTATrCTCCnTAAT 


19 


TCTGATGATAACTTTGAAATGC 


ATTATATTTTTGGATATTTC 


20 


tctgcagtgattgcaagtc 


GGGCTTTTTCTTAAAAA 


21 


TGTGCTGCATCAAAC 


GTTGGCATCCGTTTT 


21 Long+A527 


tgtgctgcatcaaac 


CTTTTGATGGGATTGG 
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22 


TGTACTAAACAAAGCCAG 


TTGATTTAACGATTTGA 


23 


TGTCAATTAACCGATAC 


TTTATCTCGTCTAAAATAATG 


24 


TGCTCAAATGATTCAT 


CTTTGATAAGTCAGACCA 


25 


TCTAAAAGTTCACAAGTTACTACT 


GTAACCCCAAGCTGAT 


26 


TCTAGTCATTATTCCATAAAATT 


TGATTTTGCAATATCAA 


28 


TCTAATCATATGCTGATTGAG 


TTTTTGTAATTTAAGTACTAA 


29 


TCAGTTTGGATGTTAAC 


TTCTTTTATATrAAGAGCTT 


30 


TCAACAAATGCAGATG 


ATTCGGATAAATGTAGC 


31 


TGTTTTGTCATTATTGATAG 


TCGATTTTTATGCTCAC 


31 d 


TCTCTAACTTGGTTTTTATTAGA 


TCGATTTTTATGCTCAC 


32 


TCTGGTTTAAAAGTGACTGAA 


ATGACCTCTACTTTCCA 


33 


TCTCATCATTTAGGTAAGGAA 


CTTGTAATCACTTGGAG 


34 


TCTGTTAGTAATCGCTACAATC 


ATTAATCATGGTATTGGT 


35 


TCTAATCAAGAAGTTTCAGC 


CCATTGTGGAATATCA 


36 


TCTCGAGTTTTAGCGGATA 


TTTGTAAAGCAGTTCTT 


37 


TCTGTATTATTTTACCAATCACA 


ATCATTCATATGATCTCTAGA 


38 


TTAGGAGTGGTAGTTCAT 


ATTTTGATTGATTCTACTC 


39 


TTTTTATTGTTAGTATTAGC 


Tl 1 IGI 1 1 1 1 1 ICAAAIA 


41 


TCTGTTTATCTAGCGGTTAGA 


ATCTTCAACGTCCTCC 


42 


TATAACAGTTTAGTTAGAAGTC 


AAAGTCAAAGGAAACTT 


43 


TTTAAAGGGTTTACATATT 


TTCTTTATCTAATTTATAATAG 


44 


TTTAATACAATTGGTCG 


TTGCAATGTTTTTTCT 


45 


TCTATGGAAAAAATTAGGATT 


TAAACTTTGGATAATCTGT 


46 


TCTAGAGATGAGCAAGAAATA 


GTTGAAATTTTGATATGA 


47 


TCTCAACAGATAGGTCTTTATAA 


CTCCTTTACTATATAGCTAACT 


48 


TTTCTCTATAATTACTTCAAT 


TTGTTTGTGAAGTAAAAC 


49 


TCTAATAAGGCATTATTAGAGG 


TGATAATATCTGCATATTTT 


50 


TCTAGACATTTAGTTGACTTAAC 


GCATTGGCGCCATA 


51 


TCTAGTAAACAAGACATTTATGTA 


TTCTACACGACTTTTATTC 


52 


TCTCAAGAAACTCATCAGTTG 


AAGACCTCCTCGAGAT 


53 


TCTGCAGAAGACATTGTTAGA 


TGTTTTTTCTTTCTGTTG 


54 


TATAATTTTTCGAGTAATGA 


TGGATTAGTTTGACCTG 


55 


TCTGACAGAGTGTGTTATGGT 


TTTATCGTAAGCACTTAGG 


56 


TCTGTGGAGCAAGTGGCCA 


CTCCTTCCAGGCATCG 


57 


TCTCAAGAACTAAGTAACTTTGA 


GTAAAAGTATCTTAAATAGTGA 


58 


TCTACTGAAACGTTTGAAGG 


TGCCATTGCTCCTCT 


59 


TCTGATGAAGCAACAAGTAA 


TGTTAGCTTTTTATTTTCT 


60 


TCTAATAAAGATAATCAAAAAACT 


TTTTTCATGCGATTGA 


61 


TGTTTCTTTTTTATTCGA 


GAGAGGTTTCTTATACCTT 


62 


TATTACTTTGATGGTAGTTT 


TGTACCATATGTTCTCTGT 


63 


TCTGTTCAATCATTAGCAAA 


AAAAGTTGGAGTACTTTG 


64 


TTTAAAGGTAATAAGAAGTTG 


TGGTTTTGGACGG 


64d 


TCTAGTGAAGTTGACTGTGTTA 


TGGTTTTCGACGG 


65 


TCTCAAAACCAGGTGAGTG 


ATTTGGGTAAATATAGTAAA 


66 


TTAAGATTTTATAACAACGA 


TTTAGGAGTAAGGTCAAC 


67 


TCTAATGTTTTAGGGGAAA 


AATTGGTTTTGGTGG 


68 


TCCCAAAAGACTTTTG 


GGGAGAATAGAGCTTG 


68d 


TCCCAAAAGACTTTTG 


GGCTGACGTCGACGCA 


69 


TCTAAAGnTTAGGCTTTGA 


AACTCTCTTAATATATTCTTCT 


70 


TGTGAAATGGCTTTAG 


GTCTTTTTCAATATTCTGT 


70d 


TCTACTAACTTATTGAGTAGAATGA 


GTCTTTTTCAATATTCTGT 


71 


TGTAGCTCAAAATCTCAT 


CTTCTCGTTAGGAGTAACG 


72 


TCTAGTTTATCTATTAAAGATGCC 


ATTATTATGAATTAATAACTCTT 


73 


TCTATGAAAGAGGCGGTAA 


GTGAAACATACTTCCAAA 


74 


TGTAAAGAGGATAAAAAGCTAG 


TTTCGTCGTATAAGCA 


74d 


TGTAGTGTTTCAGGTAGTAGTG 


TTTCGTCGTATAAGCA 


75 


TCTAAAAAATTAAAACAGTCAA 


TGTCGTCATTTTTTCAG 
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76 


TCTGATGAAGTTACAACTTCAG 


AATACTTGCTGGAACAG 


77 


TTATTGCAAAGTAAAATAAA 


GTCTTTCTTCAATTTTGG 


78 


TCTCATAAGGATGACTCAGAACACATGT 


GTCGTGATTTTTATGAGT 


79 


TGTGGGAAGAATAGGATAAA 


CCCAAACTGGCATAAC 


79ci 


TCTAGTCAGTATGAGTCAGAGA 


CCCAAACTGGCATAAC 


80 


TCTGCAGAAGTGTGACAAGA 


TGAAGGAGGTTTGTTG 


81 


TOTTTTGATGGAi 1 III 


TTI 1 1 1 lAGTTTAAGGCTA 


82 


TCTAGAAATGAAAAACGAAC 


GTCCAGCTTCCGAT 


83 


TCTGAAATTAAAGTCAAAAATATT 


AACATTGTTTTTCCTTTC 


84 


TCTCATACTCAAGAACACAAAA 


ATGGTGATGATGACCT 


85 


TGTCGTAAGAAGAAATCAGATAC 


ATTAACATTTTGAGGGT 




TCTGCAGAACTAACTCTTTTAA 


TTTTGCAAAATCAAGA 


87 


TCTGCGGATACATATAATAACTA 


GAATAAATAACTGTATTTTTT 


88 


TCTTACGAAAAAATGACG 


ATTTTCATTAATTTCCTCT 


89 


TCTGAAGAGCTTACCAAAAC 


GATAGCTAATTGGTCTGT 


90 


TCTAGATATACAAATGGAAATTT 


TAAAAGATGAGCTTCTCG 


91 


TCTAAAAAAGGACAAGTAAATG 


AATTTCAATATAGCGACG 


92 


TCTGATTCTGTGATAAATAAGC 


CTTGTTTGTCTTTACCTT 


93 


TCTGAATTTTCACGAGAAA 


ATTATCCTTCAAAGCTG 


94 


TACCAATTAGGTAGCTATAA 


TGTGTGATATAATGTAACCA 


95 


TCTGTTAATACAAAAACACTTCT 


TGATCTTAATTTTCGAG 


96 


TCTGGTGAGTCTAAAAATGAAG 


C C AAAGAG GTTGATCT 


97 


TCTAG GCAGGAG GTATATG 


ATTTACATCAGACTGTGAC 


98 


TCTGAAACTATTAATCCAGAAA 


TTTATGGCCAATAACA 




TCTACAAGTATGAACCATCAA 


TTTTTTAGTAGTTGTCAATT 


100 


TCTAAGGGGCCAAAAGTAG 


GTAAGCTGAATTTTCGA 


101 


TCTATTACTTTAGAAAAATTTATAGA 


ACGAGAGTGGTTATTGG 


102 


TCTGCCTTTTACTTTGGCA 


TTTCTTCACTCTTTCTAGAG 


103 


TCTATTTI T ICCTTGATCAT 


CGGCCAGTTTTTTCTT 


104 


TCTGGTGAAACCGAAGATA 


AACACCTGGTGGGCGT 


105 


TTAACAATTCATGGACC 


ACTATTTCTAATTGCTCTG 


105d 


TTAACAATTCATGGACC 


TGGTCCCGGTGCGCGA 


105d 


TCTCAAGGACCTCCCGGTG 


ACTATTTCTAATTGCTCTG 


106 


TCTCAAAATCAAAATTCACA 


CTTAGCAGATTCATCCC 


107 


TCTCTGGAGCCTTTTATTT 


TTTACTATTTGAAAATTGG 


108 


TCTGGTAATGGTTCAGATAAG 


TTTCATAGGAAGTTGTATT 


109 


TCTATGGAGCAGATCAACT 


GTCCACACCTGGGACT 


109d _J 


TCTAAACGGGTTCGCTATG 


GTCCACACCTGCGACT 


110 


TCTGTAAAATTAGTATTCGCAC 


TTTACCTAAGTAATATTCTGA 


111.19 


TCTGTTAGCGTTGATAAGGC 


TCCCCG TC T T 1 1 1 I GT 


112 


TCTACAATTAAAAATCTCACTG 


GTCGTAATGATAAAAGGG 


113 


TCTAGTAAAATCAAAATTGTAACG 


TTCATAACGAACCATAAG 


114 


TCTAATCTTTTAATTATGGGTT 


TTTGAGTTGTAGGAAGG 


115 


TTTCAATACTATTTAAAAGG 


1 1 I I I lATCTTCTTCTTGG 


116 


TCTACCGAGGAGCCATTAA 


TTTTAAAACCTGGTAAAG 


117 


TCTGAACAATCACAAAAAACA 


TCAGCTGGTACTGTTT 


118 


TCTATGGTGACGGTGCTGG 


GTCCTCCTCAATTGGT 


119 


TCTAGTCAGCCGGTAGGGG 


CTCTTTTATACGCGATG 


120 


TCTGGTGGAGGATTTGCTA 


GTTATTTGCTCGTTGTT 


121 


TGTAATAAAGATAATCAAAAAACT 


TTTGTCAAATGTTTTCAT 


122 


TCTGCTGCCACCAAGAAAG 


TTTCAAATGATCTACAGC 


123 


TCTACAACAAATGTAATGGC 


GGGTAGTGTCTGTCCG 


124 


TCAATGAAI 1 1 1 ICATTT 


ACCATCTAI 1 1 1 lACCCC 


125 


TCTACAAAATATCAGCGAATG 


AGAACCCGCACTGTCA 


126 


TCTACTAAGCAAGCAATGTC 


GAAGGCAACGGCTGGT 


127 


TCTACAAAAGAATATCAAAATTAT 


TTTGATATCAAAAAGTATCG 


128 


TCGACTAATTCGTTAAA 


TTGTTTATCTGTTAATGCTT 
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129 


TTTGAAATAGTATTGGAAA 


CACAACAGTTATTTTTTCA 


130 


TCTATATTTTCTATTTTTTATTATGT 


AGGCCCTTCTGAGTAG 


130d 


TCTAAAAAACAACTTCACAAC 


AGGCCCTTCTGAGTAG 


131 


TCTAAAACAGATATTGAAATAGC 


AAATAATCCAATGGCTG 


132 


TCTATTAAATATTATCATTTGCA 


CrnTCAAGCTTTTTCC 


133 


TCTGCTTTACGGAACCTTG 


AAAATGATCAGTTTGAGG 


134 


TCTACTATTTCTCAACAACAATAC 


1 1 ITIGGCTTAAGAAAG 


135 


TCTGAAAAAAAGAGTAGTTCAAC 


CTTACGATACATTTTAAATTG 


136 


TCTAATCAATTATCAGAAATCA 


TTCI r n i ITACTTTAGCG 


137 


TCTCAAGAGTATAAAACAAAAGAG 


CCATTGCAATCCAGCA 


138 


TCTGCTGTATTTACACTCGTC 


ATGTTTATGGCTTGCT 


139 


TCTGGCGGCAAGATAAAAT 


TTTTTGATAAATCCCC 


140 


TCTGATGGGTTAAAGAATAATG 


ATATGTGTATTCATGCTTT 


141 


TCTGATGTTGTAATTAGTGGAG 


TACTTCTATTTTTCCATCTG 


142 


TTCGAATTAAGAGAAAGA 


GTAATGCAATAAATGAAAA 


143 


TCTAGCTTTTTAGTGATTTCA 


GGATTTTAGTTTCGCA 


144 


TATACGCATAGTGGAAC 


CCCATTGATTTCGTCG 


145 


TCTGTTATTATCAGGGGCG 


TACCTCTTTCAATACCAC 


146 


TCTGTTAGTCGTTCTCCGA 


ATTACCGTTAGGTACTGTA 


147 


TCTGAGGAGCAAGAATTAAA 


GGTATGGTTAACAGAATC 


148 


TCTATTCTAACAAAAGCAAGT 


ATATACCCTAGACTTTTTGA 


149 


TCTAGTGGGCGTTCATGGA 


AGGAGTTTTATTGATGATAT 


150 


TCTGATACCCCTAATCAACTA 


AAATGATTGTGGAAAAA 


151 


TGCAGGAGCTGTCCGC 


ATCAAAGAAGTTGACATTG 


151 Long 


TCTGTCCGCATTGGTAAAG 


ATCAAAGAAGTTGAGATTG 


152 


TCTAACTGCTTAGAAAATGAA 


GTTAGATAAATTAACCAGTG 


153 


TCTAACAACTCCAGCA 


CCCTTTGCTTCGTTGT 


154 


TCTGGAAAGGTCAGTGCAG 


TTCCACAAGTCCGATT 


155 


TCTATTTTATTTTCAGATGAAC 


TTGTTTGATTCGTCCT 


156 


TCTGGATCAGATGTTGAGA 


ACTACCAAACTGCTGG 


157 


TGTAGTGACGTTGACAAATA 


TTGTGTAI 1 1 1 lAGTTAGGT 


158 


TCTATGACCATTTACTTCAATA 


GTGGATAAAATTCGAAA 


159 


TCTGAAACTATTTTGACGG 


CAGACTGACTAGGAGCT 


160 


TCTGATGAATATCTACGTGTCG 


GACTTGTAATTGATTCGC 


161 


TCTGATGAGGTGGACTATAACA 


GAAGGCACCACGACGT 


162 


TCTATTTTCTTGCTCTTAGTTG 


GTTGTATAGATGAGTTAATCTG 


163 


TCTGAAACTGTGATTCAACTTG 


ACGGTTTTTAAAGAATG 


164 


TATTTTTTAACAACAAAAAA 


TTTTTCTTTATGTTCTGTG 


165 


TCTCCAATTTTTATTGGTTT 


CGATTTTGTAAGAGCTT 


166 


TCTGCATCTTATACCGTGAA 


CGACGAAGCTATTTCT 


167 


TCTACAATTTATATTGCTTGG 


TAAGGCTTGCATTTTG 


168 


TCTGTTGGATTGATGTTGG 


TTTTCCTAAAAATTTTCC 


169 


TGGAAACAAATCACAG 


GGCATCTCCTAGCTTT 


170 


TCTGCAATAGTTTTTACTTTTTT 


TGATAAAGGTAGTTCTAGAG 


170cl 


TCTGGTTCTTATCATTTAACAA 


TGATAAAGGTAGTTCTACAC 


171 


TCTGCTAGACCCAAACAGT 


TTTTAGATGTTTTTGTGG 


172 


TACACTCATATTGTTGAAAA 


ATGATTGATAATTTTAAGG 


173 


TCTAATAGTAGTGAGACAAGTGC 


TGCTTTTTGATATGCC 


174 


TCTGCTTATGTCGTCAATTT 


TAAAATAAAGTTCAGAAAAG 


175 


TCTGAATTACCTTGGTTTATG 


TTTCTCCCTTGACTTTC 


176 


TCTAAACATCCGATACTTAATG 


CTnTTCTCAGATGGTT 


177 


TCTAATTATCCTTTTGCGA 


GACATTGAAACGGAAT 


178 


TCTGGACTACGCGGAGTAT 


TTTTATCAATGATGTTGA 


179 


TCTGCTATTGGAGCAGCTG 


CATATGACGCAAACGC 


180 


TCTGATAAAGAAGGGATAGAGG 


AGCCTCTTTTCTTGTT 


181 


TCTAAAGAAAAATCACAAACTG 


ACGATTATCAACAAAGTT 


182 


TCTCAAAATAATAAAAAAGTAAAA 


CATTCT7TTAAATACAAATC 
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182d 


TCTCAAAATAATAAAAAAGTAAAA 


GGGTTTGAAAGTTTTC 


183 


TCAAATGGTCAATCTAGC 


TTTAACTTTAATTACTGGAAT 


184 


TCTAAGGATTCAAAAATCCC 


1 1 1 1 1 lAATAAGCTTCGA 


185 


TCTGGGCAACCATCTACAT 


1 1 1 1 1 1 GTAAACTTCCTG 


186 


TCTCATTCACAGGATAGCA 


GTTAGATACATTG 1 1 1 Hi 1 G 


187 


TCTGGACGAGGAGAAGTATC 


CTTTCTTTTCTTACTTGC 


188 


TCACAATCTTCTCAAAA 


TTTATTATTTTTAATACTTGAA 


189 


TCTGATAAGTCAGCAAACCC 


CTTCAACTGTTGATAGAGC 


191 


TCTATCACGACATTACAGACT 


TCCTTTAGCAGGAGCT 


192 


TCTAGATATTTAACTGCTGGT 


GTTATACATGTTGTCTGAAG 


193 


TCTATAAAATATCAAGATGATTTT 


CCAAATAATAACACGTTT 


194 


TTAGAAGTCAGAGAGCAG 


GCTATCCCTTTCCAAT 


195 


TCTATTATGGAGACGGGTA 


TGTATTTTTAATTTGTTTTC 


195L 


TCTTTGAATAATAAAGGTGTCG 


TGTAI 1 1 1 lAATTTGTTTTC 


195LN 


TCTTTGAATAATAAAGGTGTCG 


CAAACTTTTAACATTTAATG 


196 


TCTATTTCCTCAAAI 1 1 1 lACG 


ATAGTGTAAGCTACCAGC 


197 


TCTAATTTTTATAAGCTCTTG 


GTCATGATATTCCTGAAA 


198 


TCTGCGCTTAAAGAATTAA 


TGTTCGGCGTAAGATT 


199 


TTTTTAAAAGAAATTGAAA 


ATTGGTGATTTGTTGAG 


200 


TTTCGTAAATATAATTTTGA 


AACAGATTTATTGGTTGG 


201 


TCTAGCGATACCTTTAATTTT 


AGACTGATGAACTTTTTCT 


202 


TCTATGCTGATTAAGTCGC 


GAACGCTGAAGGGTAG 


203 


TGTGGTAAAACTGGACT 


CGAATTGTAI 1 1 1 ICAAC 


204 


TCTAAGACAGGAGCACCCGT 


ATTTATACTACCTGTTGAATG 


205 


TGCGAGTCAATTGAGC 


TTTAAATTTGTAGTCTTTAATA 


206 


TCTACAAATACTTTGAAAAAAGA 


CTCTTTTACTTTTCCAAAA 


207 


TCTAATTTATTTAAACGTTCCT 


CCCTCCGTTAAGAGAA 


208 


TCTAAAAAGCGGCTAGTCA 


TTGACGATGTTGCATC 


209 


TCTGGACAAAAATCAAAAATA 


TTTCGAATTATTGTGACT 


209d 


TCTGGAGAAAAATCAAAAATA 


GTATTGTTGTTGCCTG 


210 


TGTGGAGGAAAATTTCAGAA 


1 1 1 1 IGATTTCCCTTTC 


21 Od 


TCTACCTCATATCCTTTTATTT 


TTTATAGTGTGTTTGCAA 


211 


TGTGGACATGGTGGTG 


TTTGCTAGGAACTTTGA 


212 


TGTAAGACTAAAAAAATCATCA 


TGATTCAATTCCTTTTC 


213 


TCTAAACACACCAGTAAAGAA 


TTTTTGGTGTACTTTCTTA 


214 


TGTAAAAATAAAAAAATCTTATTT 


TTTGCTCACCTCCACA 


215 


TTAATAAAAGGATTATTGTCA 


CAATAAGTTCTGTAAAATAAA 


216 


TCTGCTCGTTTAATACCACA 


TTCACCCTTAAAATAATT 


217 


TGTAACACTAACATCGCTAGC 


TGCAI 1 1 ITCCCTTCT 


218 


TCTAGAGGGAAGGTTATTTAC 


CTCCAGTAAAGTATTAGTATTT 


219 


TCTATCAATAAAGTAACAGCTCA 


GTGAGGTTTTGGTAATT 


220 


TCTAGAACACTATTTAGAATGATAT 


TGCATATAAGI Mil lAGC 


220d 


TACTATGCGAATCACAG 


TGCATATAAGTTTTTTAGC 


221 


TCTAGTTTAGCATTGCAAAT 


CTCATCTAAAGTGCTATCC 


222 


TCTACATTTTATAAAAAGACGG ■ 


CTCGTATTTAGGCAACT 


223 


TCTAAGAAAATACGAAGCTATAG 


ATTGGATATGCCATAAA 


224 


TCTGGAGGAAATGAAATATTA 


GACTTTTTGATGTTTACTTT 


225 


TCTGGTATGTCTAATAAGGAAAT 


TTCTTTACTATAAACATCTTCA 


226 


TCTAACAAACTTATTACAGAAAA 


AGCATTTAAAGTTGAATGT 


227 


TCTGTTTCATATGAAAAAGTGG 


GTTAGTCTCTTCAAGATCA 


228 


TCTAGTAGAGGTATTTTTTTACAA 


AAGAGGTACGGCCCAA 


229 


TCTGAACGTCGGGTAAGTC 


TACTTCTTTCTCTTTCAATT 


230 


TTTTTAATGGATTTTATTT 


CTTAGTGTTCCGATATGA 


231 


TCATTAATTATTCTTACGGT 


TCTTGTTTTAAGAGCAGA 


231 d 


TCTTTATACGTTGTTAAACA 


TCTTGTTTTAAGAGCAGA 


232 


TGGCTAAGTAAGCATGAG 


ATCATGTTTTCGCTGAA 


233 


TTGGCAGCTAGCTGTG 


ATGTGATATATGCGTTTTAT 
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234 


TCTATAGAAATTGCTGTATTAATT 


TTTTTTGTCTGCTTTTTTA 


235 


TCTATTCGATTTCTTATTCTTG 


AAAGAGACGATAAAGATAAG 


235d 


TCTGACTCAACCACAGTCTC 


AAAGACACGATAAAGATAAG 


236 


TCTGCAGACCTTACAAGTCA 


ATTTGCAAGTTCTTGTATA 


237 


TCTATTGTATTTGCTATTGCA 


TTTAAAAGTATCCTTAAATAAG 


238 


TCTGATAI 1 1 1 1 ICAGCTATTGA 


CTTGGTCCTCAATAGTTG 


239 


TCTGTTAGTGCTGCTATTGAA 


TTCTCCTCCCCCATTA 


240 


TCTAAGAAGCTTACTTTTATTTG 


ATCCAAACGAGTGAAAT 


241 


TCAAAAGGATATTCAAGA 


AGGTGTTGTTGTATTTTC 


242 


TCTCATAATATATTAAGATTTTTAGG 


CTTTGTAAGTTTATTAAACATA 


243 


TCTATTCTTGGTCAAGATGT 


GGGATCTGTTAGCTTG 


244 


TCTCATGAAAATGTTAAAAAAG 


AAACAACTCCATTATTTTT 


245 


TCTAAGTCAACGGTAACAAA 


TAAACGTTGAAGAGCAT 


246 


AGGAAACGTTTTTCCT 


CTTATCATATCTTGTTAAATGA 


246d 


TCTAACCATAAGGGAAAAGTA 


CTTATCATATCTTGTTAAATCA 


247 


TCTGCTAAACAATTAATTGGT 


TTGCCATGGGTTATAG 


248 


TCTTTGATGGTGTTGTTATTC 


AGAATTAAAATTTTCATGC 


248d 


TCTAAAACTTATTTGTCAAATG 


AGAATTAAAATTTTCATGC 


249 


TGGGCTTACCATACTG 


Tl 1 ITTAGATGTTTTATGTG 


250 


TCTGGCCTTAATCTTAAGC 


CTCTTTTACTTTAGCTTCA 


251 


TCTCAATAI 1 1 1 1 IGAAACAAG 


TTTGAAACTGCAGCCA 


252 


TTTATTTCAGGTTATATCAA 


GGAGTGGCTTTCTACT 


253 


TCTGAAAATTGGAAGTTTGC 


TTCATATCGTAAAGCATC 


254 


TCTATTGAAAAGGGAGTTG 


ATCGTCAAGCTTAAGG 


255 


TCTATTGTTGGTAGAGAAATCA 


T7TTACTTGAGGTCTCAC 


256 


TATCATGTAAAAATTGATCA 


GTCTTCCATTAATATTCCC 


257 


TCTGAI 1 1 1 1 lATACAAAGGAGG 


CCAATTATTTTGAAAGTTC 


258 


TCTGAACGTTATACAGATAAAATG 


ATTTTTTTG AATAATATAATC C 


259 


TCTCTTTCTGGTAAAAAAGAG 


TTTATTATCAGAAAAGGC 


260 


TGTACTCTTGTCTTAGTTGTTTAT 


ATTCAAAAAATTTTTCAA 


261 


TOTATAAAGAAAGCTGAAAATC 


CGAAACGTCAGGTAAA 


262 


TCTATAAAAAATGGTATAGCATA 


ACTTATnTTGATAATATTTCTT 


263 


TGTGAGCCTrCTAAACTACTTG 


ATCAGCATTTCTACGAA 


264 


TGTGATTTGTTTAGCATGTTG 


ATGTAGACTCCTAATGATTT 


265 


TCTCTTGCTTCCCTGATTT 


TTTAGTGTTCGTTTGGG 


266 


TCTCATCAATCAAATCATTATC 


GAGATTAATTTGATTATATTTT 


267 


TCTATCTTTATTATCGGACAA 


AACATGATTTGGTGGC 


268 


TCTAAAGAATTTATTAAAGAATGG 


GTTGATAGTTCCAAAACG 


269 


TCTGCAGATGATGGTGGTT 


TAAATGTGTTCCTACTAAATT 


270 


TTAAATGATGCAATAACAA 


CATCAATAGCCGAGCTG 


271 


TTGCTGGATTATCCTC 


TTTATTTTCCAAATGACA 


272 


TCTGTATTTATGGCAAATAAGA 


TTCACTCGGAGTTGGAG 


272d 


TCTATGAGTTCTCTGGAAGTT 


TTCACTCGGAGTTGGAG 


273 


TCTGGTGTCCTCAACTCTG 


AATGTAAATGACAAAGGTA 


274 


TCTGTTCATGATTTTGGTGA 


Gl 1 1 1 1 lAATGGTTTGC 


275 


TCTGGGGTTTGGTTTTATA 


TTTATCATAAGCATCTAGAC 


276 


TCTCAATCAGACATTAAAGCA 


CTGATCTCTTGTTGATGC 


277 


TGTATTTGGAGGGGGGAAA 


AAGCAGGGGAGCAATA 


277d 


TCTACCAAATTTGACTGGG 


AAGCAGGGGAGCAATA 


278 


TCTGTTACGTTTTTCTTAT 


CTGAG CAAGACCTGTC 


279 


TCTAAAAAGAAAAGTTTAATTAGC 


GGGAATTTTGTGGCAA 


280 


TTTGATI 1 1 1 riAAGAAAA 


TTGGTTAGTTAATGGCT 


281 


TCTAAGAAATTAATTATAGGTATTT 


AGGCGTTGAATATAATTC 


281 d 


TCTGGTTTTTCGTTTTTGA 


AGGCGTTGAATATAATTC 


282 


TCTGTATTCTGAGATGAAAGAA 


CTTTTCAACTCCAAACA 


283 


TCTGTTAAATTAAAATCGTTAGTG 


GAGTTGTCTTTTTTTGTC 


284 


TCTATGCAAGGATTAGGAG 


GGAATGACAATTGACAT 
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285 


TTAGGTGAAAGCAAATC 


GTTTGTGTGCTTGACTT 


286 


TCTGGAGGATTTTATATGAAAG 


TTGTATCTTGTGCTGAGG 


287 


TCTGCACACAGACCTACTAGT 


TTGGTTAATCGTGTTG 


287d 


TCTAACAATCGTTGAAAGC 


TTGGTTAATCGTGTTG 


288 


TCTAAAAAGTTTTTAAAAGTTTT 


TTTAGTTAGTTTGATAAATGG 


288d 


TGGAATAATCATCAGTCA 


TTTAGTTACTTTGATAAATGG 


289 


TCTCAATCTAAAGGGCAAA 


ATATAATTCCTCTAAAACTAGC 


289L 


TCTCAATCTAAAGGGCAAA 


CCAGTTCAAATTAACTAAC 


290 


TATTACTTATCAAAAGAAAAGG 


ATTGCTTGAACACGAA 


291 


TCTCAAGTATTAAATGACAATGG 


GTGCCATTCATTCTCT 


292 


TTGAATCGTAAAAAAAGG 


TTGTGGTGTGAAGTGTG 


293 


TCTATGGGTCTAGCAACAA 


AGGGTTTATTTGTTGAAG 


293d N-term 


TCTATGGGTCTAGCAACAA 


TGGTGATTTATCCAGTG 


293d C-term 


TCTGTTACAGCTAAACAGGG 


AGGGTTTATTTGTTGAAG 


294 


TCTGGTCATTTTAGTGAAAAA 


GAAAATAGCTAAGGTAGC 


295 


TCTAGCGACATAAAAATCAT 


AGGAAGTTCCATAACC 


296 


TCTAAAGGTATTATTTTAGCG 


GGGTTGTGGAATGAAA 


297 


TGTATTCAGATTGGGAAATT 


TTGAGTTAATGGATTGTT 


298 


TCTACTAAATTTATTGTTGATTCA 


TAGCGTTATTTCACTGTG 


299 


TTTGAAATACTTAAACCTG 


TTTCTCCGCCCAGTCA 


300 


TCTGCTTCTACAAATAATGTTTC 


CCGTTTATTCTTTCTACTG 


301 


TCTGTAATTAATATTGAGGAAGC 


CATATCTGTTGCATCAAT 


302 


TCTGAAATCAACACTGAAATAG 


AAGTGGCTTTTTAGTCAG 


303 


TCTACAAGGCATATAAAAATTTC 


TTTATTATTTAATTGTTGAATA 


304 


TGTAAGGAAATGAAATGGGG 


GTGTTTTAGAGGATGGA 


305 


TGTGGAGGAGTAATGAAAAGA 


CTCTCGTGTAAGAGTTTCG 


306 


TGTGGGAAAAAAATTGTTTT 


TCCTTTTGTTACTTTTGC 


307 


TGTAAATTTACAGAACTTAACTTAT 


TTTATCGCCTTTGTTG 


308 


ATGAGAGAGATGAATTTTA 


ATGTTGAGGTTGTGGG 


309 


TTGGAAGTTGGAATTG 


TTCCATTATCTTCAAGTTA 


310 


TGTGGTAAAGAGAGGGTAGAT 


GTGTTGTTGATTTTTGTTA 


311 


TCAATTATTACTGATGTTTAC 


1 1 1 1 1 1 lAAGTTGTAGAATG 


312 


TGTAGTGCAAGTAAAGAACAT 


Gl 1 1 1 ITGATGCTTGTTG 


313 


TCTAAAGGTATTGCTGTTTTA 


TTTACTACTTTGGTTGGC 


314 


TCTAAATTTTATCTTGTTAGACAC 


GTGTGTCATTTTGACCT 


315 


TGTATAGGGGATTATTCAGTAA 


TGGTTGAAGATCATTTAA 


316 


TGTAGTGAACGAAGATTCGA 


ACCTCCTTTTGTTTCATT 


317 


TGTAATAAGGGATATTGAATAG 


ATGTTGTGGTAAGTTAGGG 


31 7d N-term 


TGTAATAAGGGATATTGAATAG 


AGTAGCTAGATTCTTAAGGG 


31 7d C-term 


TGTGAGTTGAATGGGAATAT 


ATGTTGTGGTAAGTTAGGG 


318 


TGTATTGATTTTATTATTTGTATTG 


GGGTGTTTGTGGAAAT 


319 


TTAAAAGATTTTGGTAGTAA 


ATGTGGTGTTATATGTTGTT 


320 


TGTAGTATTTATGAGGAAATTG 


GGGTTGAATAATGGTT 


321 


TGTAAAAATAAAAAAGATGAGTT 


TATTTGTTTAGTTTGTTGAA 


322 


TGTCAAGAAAGAGATAGGAGG 


TAATAAAAATTATATAAGAAGGT 


323 


TGTGGTAATGAGTGAAAGAAG 


TTGTGTGTTATAAGGATAAG 


324 


TCTGGAAGTAAATGAGGTTG 


TTTTTTATAAGCATGTGTA 


325 


TCTGGTTGGGAAGTTGTTG 


ATGAGAGATAAGGTGTTG 


326 


TCTGGGATGTGAGAGTTAGG 


GTTGGAGCTGCTAGTG 


326L 


TCTAAATTGAAATCTGGGG 


GTTGGAGGTCGTAGTG 


326L N-term 


TGTAAATTGAAATGTGGGG 


CATTTGTTTGGTTAAAGG 


327 


TCTGGAGGGAAAATGAATG 


TATGTGGAGTGGTATTTG 


327d N-term 


TGTGGAGGGAAAATGAATG 


GTGTTGATGGACATAGTAA 


327d C-term 


TGTGGGAAGTTGAAAGGAT 


TATGTGGAGTGGTATTTG 


328 


TCTGACCAAGTGGGTGTGG 


ATTTTACAGTAGTGGAGTTT 


329 


TGTAAATGAAAGACGTGTTCTA 


TGTCGTGATTTTTTCA 


330 


TGTAATAAAGGGGTAAAAATG 


TTTAAGAGTAGGAAGACG 
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331 


TCTACCAGAACAGTAGCAAT 


CCCCCTG 1 1 1 1 lAAAAT 


332 


TCTACAAAAAACCTGTTATTAA 


ACCCTCATATGATTCC 


333 


TCTATTGATATACAAAAAATAAAA 


TTTAAAATAATGATACATCTC 


333d 


TCTGGATCATTGAGGGCAA 


TTTAAAATAATGATACATCTC 


334 


TCTAATTTAGTAAAAGTGAATAGTG 


TAACCCCGTCTCAACA 


335 


TCTGAAGAAGAAAAATATTTTGA 


TATTTTCGITTTCTCAAA 


336 


TCTCAGGTTGAAGTTGACTTA 


TTTCTCCAAATAATCTCTC 


337 


TCTGAAACAGATTCGTTTGTA 


CCTACTTTTAGTrTTAGAAGA 


338 


TCTGCTATAATAGACAAAAAG 


GAAATCATAGCTTCCG 


339 


TCGAAACCGATTAAGAT 


ACGTTTTACTTTTGGTAGT 


339d 


TCTCAAGTCATGCGCTATG 


ACCTTTTACTmrGGTAGT 


340 


TCTGGATTTCTCTATAATTACTTC 


TTGTTTGTGAAGTAAAACG 


341 


TCTGGAAAACCATTGTTAAC 


TAATTTAAAAATTGCATAAA 


342 


TCTCAGAAAATTGAAGGTATT 


TTTCGTTACCATATCTAGA 


343 


TGTGAAATGCAAGTTCAAA 


TAAATCATGGAAACTAGC 


344 


TCTGCACAACGCAGAATGT 


AAAGCCCAACGTTCCG 


345 


TGTAAAAACCTGAATTGGG 


GTTTCCACGTCCTTTC 


346 


TCTAATAAAATAGGTAATAGAGAAG 


AAGTTTATTCAAATGTGG 


347 


TCTATTGATATTCATTCTCATATC 


AATGTAATGGI 1 1 1 1 lAATA 


348 


TCTACTGGATCTAAAAAATTAGC 


AGCTAAAATAGGTAACCAG 


349 


TCTAAAGATCGCTTATATAATAAA 


Al 1 1 1 1 lAAACGACTCAT 


350 


TCTGCAAAAGATATAATTAAGGTT 


AGCGGAACGGTGAATA 


351 


TCAGAAGATCAAAAACA 


ATAATCTAAACTATCAGCTCT 


352 


TCTACI 1 1 1 1 1 lAAAAAGCTAAA 


ATCTCCTATTGTAATTTTGA 


352d 


TCTGGTACAGATAGTAAATTTGG 


ATCTCCTATTGTAATTTTGA 


353 


TCTACAATGTTAAAAATTGAAA 


CACCTCTTTTGTCAGA 


354 


TGTATTAAAGAACTAAAAGAATTT 


TTTGTTAGCGAGTAAGTC 


355 


TCTCGCTCACTACCTT 


TTTATCATCCTCCTTAATAA 


356 


TCTAAATTCTATATTATTGATGATG 


AAAGGTTTTACTCTGTAAAA 


357 


TTGGAACATTTTTATATTAT 


AAATAAGAATGTTAAAAGAGC 


358 


TTTTATACAATTGAAGAGC 


TTCCGCAAAAATTTGT 


359 


TCAAGAAATAATTACGGT 


ACGCAGTCCCATTTTC 


360 


TGTATAATGAAGGCGGTCT 


GTGGCATGAGGTCTCA 


361 


TCTAGGGTATATGTTAGTGGA 


GGTI 1 1 1 IGAATAATAGC 


362 


TCTACTAAACCAGAGGGGG 


ATCTTTAATCTTACCATCC 


362d N-term 


TCTACTAAACCACAGGGGG 


TGCTGCTACTGCAATG 


362 C-term 


TCTGGTAATGAAGGAAATATCAC 


ATCTTTAATCTTACCATCC 


363 


TCTCTCGAATTAAAAAATATTG 


TAAATTCCTTTGTTGTAATA 


364 


TCTAACTATATGGGTATGGGC 


ACCATCAGTTGTCACC 


365 


TCTGGAACTGCTACATATAGTAGG 


TATTGACCAGTGCACG 


366 


TGGCTTGACATTATTTT 


TTTTTTTGAATTTGTAAAAG 


367 


TCTAAGAAATTAAAAATATTCCC 


AGAGATTATTTTTATTTTAAAT 


368 


TCTAAAATCATTATTCAACGT 


TTTATTTTTAGTATCTAAAACG 


369 


TCTAGTAGAATGATTCCAGG 


TTTAGAAACTCCAAGTATCTC 


370 


TCTACGGAATTTAATGACG 


GTTAATTTGACTATTGATATATT 


371 


TCTAAAGATAGATATATTTTAGCAG 


TAAACTCTCAAAAGCTAAAC 


372 


TCAGAAAAATATTCCACT 


ACGTTCTTCTCTGGCT 


373 


TCTGAAATTGGTCAGCAAA 


ACTTAAATGGAACAACC 


374 


TCTAAGTTCGAAAATATAATATATG 


TTTGCCTAAAAAATTAGG 


375 


TCTGAAAAAGAAACTATTTTAAGT 


GGGTTTCCTGCCTTCA 


376 


TCTAAAGAAAAGAAAAATTTGG 


TTCATCTTTTTCAATATCA 


377 


TCTGGTAATAAACTGATGTATCA 


GTGAGAGTGTCTTTGTTT 


378 


TCTGAAGATCAACTCAGTATATTT 


GAGATTTTTAGCTACTTGTC 


379 


TCTCAAATTACCCGAGAAG 


TCTAGAGCGCTTTATAAG 


380 


TCTCTTAAAAGATTACTTACTGAAG 


TTTTCTAATAGTTAGAAGCC 


381 


TCTCTTGGGATAGCTCACA 


TTTTAAATGTGCAGAGA 


382 


TCTATAAAGTTTAAATTATTTTTTAA 


ATTTATAATTTCCTTGGG 



wo 02/34771 



-2989- 



PCT/GBOl/04789 



383 


TCTATTTTACAGACGAATATACTAT 


TCTATAATATGTCTCTAAAGTGA 


384 


TCTAGAATAATTGTTGTCGG 


CCTCGCTAACATATCAC 


385 


TCTAATGTAAAAAAACGC 


AGGTCTTACAGTCTTGC 


386 


TCTCTAGTATCAAAGGAGAAAGC 


TTGTCTGAGTGACCAA 


387 


TCTGGTATGTTGTTAGCA 


ATAATATGAAATATGTTGTTCA 


388 


TCTCTTATGATAATAAATTCATTCG 


TCCGGAGAGTAAAAAA 


389 


TCTATGAATAGTGAACATAAAATT 


TTCATAAATGTGCCAA 


390 


TCTAGGGAAACTTACTGGA 


TTCATCTCTGCTCACC 


391 


TCTAAAAAAGTCATCGATTTAA 


TTCTCCTTCAGCTTTTA 


392 


TCTATTACATATGATTTCACAAG 


GTCATTTTTTCTAAAGTTTG 


393 


TCTAATAAATCTTGGTTGAGAA 


TTI I TGTAGTTGTTTCAAT 


394 


TCTCCTATGTTGTGTGTTGG 


TTTCATTAGATAACTATTGAGC 


395 


TCTACTTATCAAAAAACAGTTG 


TATAGACTGAAGATAATTAATTAA 


396 


TTTGTCAAAGGGATTT 


AAATCGATTAATCAAGTC 


397 


TCTAAATTATTTGATAAGTTTATAGA 


TCTAAAGTAGTCCTTTAGACTA 


397cl 


TCTAAAACTGCTACAGTTAG 


TCTAAAGTAGTCCTTTAGACTA 


398 


TATTTAGAACAATTAAAAGAGG 


TTTGTCCATAATCATTTC 


399 


TCTAAAGTTTTAGTAGTTGATGAT 


GGTAGATATGCCTAACATT 


400 


TCTAAAATAGTTGAAGGCG 


GTTTCCTTCCAAAAAA 


401 


TCTGGAATTGAATTTAAAAATG 


TCCATGCTTAATAGCC 


402 


TCTGGAAAATATTTTGGTACAG 


ATCTAAACGAAnrCTGTAC 


403 


TCTGAGGTTAGAATGGTAACTG 


GTCCACAAAAACGTCT 


404 


TCTAAAATAGATGAGGTAAGAAA 


TAGATGTTCTACGGAGAA 


405 


TTGAAAATTCAGTATTATGA 


AAAGATGGCAAGCCAT 


406 


TCTGATAAAAATAATTTAGAAGACT 


TCTCTCTCCACACCATA 


407 


TCTAAAATTGACATGAGGAA 


CTTACGTCCTGTGGCT 


407d 


TCTAAAATTGACATGAGGAA 


CTTTTGTTGGTTACCTC 


408 


TCTAAGCACTTAGTTAAGCTCA 


TATTGTTAAATATGATGAAATG 


409 


TCTAAGGTAGTAGTAGCTATTGAT 


ATGATTATAGAAATTGATTAAT 


409d 


TCTACTGAAGAGAGAAATGCT 


ATGATTATACAAATTGATTAAT 


410 


TCTGCTTTATTATCAGTTATTGTC 


TCCCTCTTCCTTGACA 


411 


TCTAAAGACTATATTAACAGAATATT 


AACGTnTTGAGCTTT 


412 


TCTGGAIII 1 1 IGCACAGG 


TTTTGTCTTAAACGTTCT 


413 


TCTATTGTTGGTGAACAAGA 


TTTAGATAGTCTAGCCATTT 


414 


TTAAATCAATATTTTCTGC 


ACGGGTTGGGGGAGAG 


415 


TCTGAGCGAATTCCTGTTC 


TACCATTATCGGTGGT 


416 


TCTGAAGTCATTCGTGAACA 


AGTA7TAAAGTCGAATGTTA 


417 


TCAAAACAATATGATTATATC 


GCGCATTGTAACAAAT 


418 


TCTAGCAAGCCTAATGTTG 


TTTTGGTAAAAGGTCTG 


419 


TCTGATTTAAATAATTACATGGG 


TCCTGGAAAGTTCATC 


420 


TCTAAACGTGAATTACTACTCG 


TAGTTTATCTAAAGCGTTC 


421 


TCTATACGCCAG 1 TITl AAG 


TTTATGTATAGAAACAGCAG 


422 


TTTTCGAGCGATTTTG 


AATGTACATAACAATAGAGAGC 


423 


TCTGTAAGCAAAGTTGAAGAG 


CAACGATCCCAAGAAC 


424 


TCTATGAAAGATTTTATTGAATG 


GCCATTCTTACCTCCT 


424d 


TCTATGAAAGATTTTATTGAATG 


AGGI 1 1 1 1 ICTGACCG 


425 


TCTATAGCCTTTAATAGTTTATTT 


TATAAAATAAATTTGAAGATCT 


426 


TCTD440ACAGTTTATAATATAAAGCATG 


ATCATCTTGTACCAACTC 


427 


TATTCTTTTGAAGAACTTTT 


GGCAATAAATTCACGG 


428 


TCTATAAAAATTTTGATGCC 


AGTCTGTTTTTTAAGAAAAG 


429 


TCTAATGATTCCATTGAATC 


TGGTTTTAGAAGAACTTTA 


430 


TTACAAAAAAAATATCGG 


AATTAAGGTGAAAATGAC 


431 


TCTGCGGCTCAATTAGCTG 


ATTATATTCTTTTAATTTGTGA 


432 


TCTCGTACGTTCAAACCAG 


CTTACGACGTCCTGGA 


433 


TCTATTAAAGCAACTTTTACTC 


GTGTGTCATGACTACTGTAC 


434 


TCAATTTTTGAGACAACA 


TGAGTAGAGCACAAGC 


642 


TCTAGAAAACGTAATGATACATT 


GAAACGAATAGGTTCTT 
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643 


TCTGATTGTCAAATTACACCA 


ACTACCTACCGTTTTCAC 


644 


TCTATTT7TCGTGGTGATAA 


TTTGATGGTAACAGTCG 


645 


1 1 1 1 1 lAATATTGAATATCAC 


AGAAAGGCGCTCTTCT 


646 


TCTAAGGGAGTCCAATATATG 


TATCTTTAATAAAGCCCTA 


647 


TCTCGTCGCATGAATACCA 


CATCCCATAAATTTGTT 


648 


TCTATAGAATTTTCAGGGC 


CAAGACATTTCTTAAAGC 


649 


TCTGCTACTCACTCTAACTCAG 


TnTGTTTTAGCGATG 


650 


TGCTCTTGTTCAAATACT 


TTTTAAACCATGCTGT 


651 


TCTCTAACAGCATTTACAAAAG 


TTTGTAAAGACCTTCTTT 


652 


TGTCAACAAGGTATTATGGATA 


TTCCTCGTTTATTAATTT 


653 


TCTAAAATTTTAGGTACACCA 


AAAGAAAAGATGTGCC 


654 


TCTGGAAAAATGGTTAAGAA 


CTGTGCAGGCTCAAAT 


655 


TCTAAATTCGTCCGAACCGT 


AATTGTCCAGTCTAAGTTA 


656 


TCTGGTCTTCCAACGCAGC 


ATTTAGTGTTATTTCTCCTG 


657 


TGCTCAGGTAAAAGAT 


nil 1 lAAGTGATGATGAA 


658 


TCTGAAAGCAAATCTTTGC 


CTTTGTCTGCTTCACTT 


659 


TGTGCTAATTGGATTG 


TTTTGGGGTTACTTTAC 


660 


TGTGGAAATGTCGGAG 


TTTTGCTGAAATAATGTT 


661 


TGTCAGTCAAACCACA 


ATCATACGAATGCAAC 


662 


TGTGCTAGTnTTAI 1 1 1 1 ICC 


TTTTTCATAITI 1 1 ICAAA 


663 


TGTGGAAGTAAATCAGC 


ATTATTTTTATAAGCATGTG 


664 


TCTGTTAAATTAAAATCGTTACTG 


GAGTTGTCI 1 1 1 II IGTC 


665 


TCTATTGCTGGTCCTAGTG 


GATAAGCACTTTCCTTAA 


666 


TTATTTTTTGGAAATTGG 


GCGTAAAAACCAATCA 


667 


TCTGCTGTATTTACACTCGTC 


ATGTTTATGGCTTGCT 


668 


TTTTATATGAAAGAACAACA 


TTGTATGTTCTCCTGACC 


669 


TCAATTATTATTGGGTTAA 


ATATACCCTAGACTTTTTGA 


670 


TCTCCTAAATTAACCCTAGTCT 


GGCTTTAAAGTTCGATA 


671 


TCTAGTCTTGCGAAGGCAG 


TTTATCGTAAGCACTTAGG 


672 


TCTGTATTTACACTCGTCTTACA 


ATGTTTATGGCTTGCTT 


673 


TCTGGAGGATTTTATATGAAAG 


TTGTATGTTCTCCTGACC 


674 


TCTGTTAAATTAAAATCGTTACTG 


GAGTTGTCM 11 1 IIGTCT 


675 


TCTGGTTCATCAGACAAACA 


TTCAACTTGATTGCCA 


676 


TCTGTAGTTAAAGTTGGTATTAACG 


TTTTGCAAI 1 1 1 IGC 


677 


TCTGTATTAGAAGTACATGCTGA 


TTTTAATGCTGTTTGAA 


678 


TCTGAGACACCAGTAATGGG 


T 1 II 1 1 AGCTAAGGCTG 


679 


TCTGCTAACAAGCAGGATC 


TTTTGCTAAACCTTCTG 


680 


TCTAATAAGTCCAGTAACTCTAAG 


ATTCATATTAACACGATGC 


681 


TCTGCTTTTGATGTAATTATGC 


TTTGCGTTTTGGAGGG 


682 


TCTATTAACTATGAGGTTAAAGC 


TGCACCTTGATGGCGA 


683 


TCTGTAATTGTTGAACTTAGTTTG 


GCATAATATTTGATGCTG 


684 


TCTCTTAGGAAGTATAAGCAAA 


TTCTAATCCTACAGCATG 


685 


TCTAAAATTTGTCTGGTTGG 


AAAAATTCCTCCTAAATTAA 


686 


TCTGACTTTTATGATATCAATCTT 


AAAGTTTTGACTATTACTGATAG 


687 


TATGCTATTATGCAAAAAG 


TGGGGGAGATAGTTATG 


688 


TCTGCAATCGTTTCAGCAG 


TTGACAGAAAGCTAATTG 



TABLE m - RESULTS FOR in vivo GBS CHALLENGE 



GBS# 


% survival 


Pre-immune 


Post-immune 


1 


18.7 


22.2 


4gst 


19.4 


37.2 


4his 


25.0 


75.0 


8 


14.3 


42.1 


10 


29.1 


36.0 


15 


30.0 


60.9 
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TABLE IV - COMPARISON OF GBSnnn NUMBERING AND SEQ ID NUMBER 



GBS numbering 


Sequence listing 


GBS1 


SEQ ID 3532 & 8736 


GBS2 


SEQ ID 4530 & 8818 


GBS3 


SEQ ID 6266 & 8958 


GBS4 


SEQ ID 2 & 8786 


GBS5 


SEQ ID 2598 & 8674 


GBS6 


SEQ ID 398 & 8496 


GBS7 


SEQ ID 8790 & 9798 


GBS8 


SEQ ID 8694 


GBS9 


SEQ ID 4540 & 8822 


GBS 10 


SEQ ID 8718 


GBS11 


SEQ ID 5884 & 8930 


GBS12 


SEQ ID 8764 & 9692 


GBS13 


SEQ ID 8484 


GBS14 


SEQ ID 5406 & 8892 


GBS15 


SEQ ID 4 & 8710 


GBS16 


SEQ ID 944 & 8538 


GBS17 


SEQ ID 1770 & 8602 


GBS18 


SEQ ID 6860 & 9002 


GBS19 _^ 


SEQ ID 4422 & 8812 


GBS20 


SEQ ID 308 & 8488 


GBS21 


SEQ ID 8762 



GBS numbering 


Sequence listing 


GBS345 


SEQ ID 2442 


GBS346 


SEQ ID 2768 


GBS347 


SEQ ID 2766 


GBS348 


SEQ ID 8658 


GBS349 


SEQ ID 2360 


GBS350 


SEQ ID 8698 


GBS351 


SEQ ID 2970 


GBS352 


SEQ ID 8692 


GBS353 


SEQ ID 3454 


GBS354 


SEQ ID 8754 


GBS355 


SEQ ID 8752 


GBS356 


SEQ ID 8724 


GBS357 


SEQ ID 8720 


GBS358 


SEQ ID 3184 


GBS359 


SEQ ID 3948 


GBS360 


SEQ ID 3926 


GBS361 


SEQ ID 8770 


GBS362 


SEQ ID 8768 


GBS363 


SEQ ID 3816 


GBS364 


SEQ ID 1452 


GBS365 


SEQ ID 1398 
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GBS22 


SEQ ID 8584 


GBS23 


SEQ ID 8512 


GBS24 


SEQ ID 1694 & 8598 


GBS25 


SEQ ID 3180 & 8714 




SEQ ID 8820 


GBS27 


SEQ ID 8774 


GBS28 


SEQ ID 8738 


GBS29 


SEQ ID 8744 


GBS30 


SEQ ID 8860 


GBS31 


SEQ ID 8702 


GBS32 


SEQ ID 8910 & 10142 


GBS33 


SEQ ID 5734 & 8912 




SEQ ID 5750 & 8916 


GBS35 


SEQ ID 8908 


GBS36 


SEQ ID 8542 


GBS37 


SEQ ID 8564 


GBS38 


SEQ ID 2122 & 8642 


GBS39 


SEQ ID 8480 


GBS40 


SEQ ID 8654 


GBS41 


SEQ ID 1 176 & 8562 




SEQ ID 4856 & 8850 


GBS43 


SEQ ID 672 & 8520 


GBS44 


SEQ ID 9000 


pRqlg 


SEQ ID 9018 




SEQ ID 1834 & 8608 


GBS47 


SEQ ID 8588 


GBS48 


SEQ ID 8594 & 8596 


GBS49 


SEQ ID 8494 & 9490 


GBS50 


SEQ ID 1236 & 8566 


GBS51 


SEQ ID 5410 


GBS52 


SEQ ID 3920 


GBS53 


SEQ ID 8586 




SEQ ID 3442 


GBS55 


SEQ ID 9020 & 10338 


GBS56 


SEQ ID 2510 & 8668 


GBS57 


SEQ ID 8854 




SEQ ID 8664 


GBS59 


SEQ ID 3744 


GBS60 


SEQ ID 8760 


GBS61 


SEQ ID 8776 


GBS62 


SEQ ID 2244 


GBS63 


SEQ ID 390 


GBS64 


SEQ ID 374 


GBS65 


SEQ ID 8544 


GBS66 


SEQ ID 3028 


GBS67 


SEQ ID 3746 


GBS68 


SEQ ID 4012 


GBS69 


SEQ ID 4916 


GBS70 


SEQ ID 3718 


GBS71 


SEQ ID 8906 


GBS72 


SEQ ID 1348 


GBS73 


SEQ ID 220 


GBS74 


SEQ ID 5872 


GBS75 


SEQ ID 8926 


GBS76 


SEQ ID 5862 


GBS77 


SEQ ID 3256 


GBS78 


SEQ ID 3262 


GBS79 


SEQ ID 3264 


GBS80 


SEQ ID 8780 



GBS366 


SEQ ID 8574 


GBS367 


SEQ ID 1340 


GBS368 


SEQ ID 1598 


GBS369 


SEQ ID 4822 


GBS370 


SEQ ID 8844 


GBS371 


SEQ ID 4926 


GBS372 


SEQ ID 4956 


GBS373 


SEQ ID 5062 


GBS374 


SEQ ID 8878 


GBS375 


SEQ ID 326 


GBS376 


SEQ ID 5380 


GBS377 


SEQ ID 5468 


GBS378 


SEQ ID 5570 


GBS379 


SEQ ID 8918 


GBS380 


SEQ ID 156 


GBS381 


SEQ ID 8934 


GBS382 


SEQ ID 8610 


GBS383 


SEQ ID 4738 


GBS384 


SEQ ID 8836 


GBS385 


SEQ ID 1094 


GBS386 


SEQ ID 9038 


GBS387 


SEQ ID 8558 


GBS388 


SEQ ID 9040 


GBS389 


SEQ ID 8516 


GBS390 


SEQ ID 8952 


GBS391 


SEQ ID 8522 


GBS392 


SEQ ID 6220 


GBS393 


SEQ ID 8966 


GBS394 


SEQ ID 8960 


GBS395 


SEQ ID 6276 


GBS396 


SEQ ID 8468 


GBS397 


SEQ ID 6262 


GBS398 


SEQ ID 8806 


GBS399 


SEQ ID 1960 


GBS400 


SEQ ID 31 54 


GBS401 


SEQ ID 3170 


GBS402 


SEQ ID 4236 


GBS403 


SEQ ID 8798 


GBS404 


SEQ ID 8800 


GBS405 


SEQ ID 8508 


GBS406 


SEQ ID 8506 


GBS407 


SEQ ID 6484 


GBS408 


SEQ ID 9042 


GBS409 


SEQ ID 6678 


GBS410 


SEQ ID 4064 


GBS411 


SEQ ID 9044 


GBS412 


SEQ ID 9046 


GBS413 


SEQ ID 272 


GBS414 


SEQ ID 8946 


GBS415 


SEQ ID 8944 


GBS416 


SEQ ID 6044 


GBS417 


SEQ ID 1874 


GBS418 


SEQ ID 5146 


GBS419 


SEQ ID 2638 


GBS420 


SEQ ID 2104 


GBS421 


SEQ ID 21 08 


GBS422 


SEQ ID 714 


GBS423 


SEQ ID 6884 


GBS424 


SEQ ID 4874 
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SEQ ID B746 



SEQID9004 



SEQ ID 9008 



GBS425 


SEQ ID 3978 


GBS426 


SEQ ID 3976 


GBS427 


SEQ ID 6958 


GBS428 


SEQ ID 3398 


GBS429 


SEQ ID 3402 


GBS430 


SEQ ID 8840 


GBS431 


SEQ ID 8902 


GBS432 


SEQ ID 8534 


GBS433 


SEQ ID 2558 


GBS434 


SEQ ID 8590 


GBS435 


SEQ ID 484 


GBS436 


SEQ ID 8472 


GBS437 


SEQ ID 466 


GBS438 


SEQ ID 362 


GBS439 


SEQ ID 900 


GBS440 


SEQ ID 8536 


GBS441 


SEQ ID 936 


GBS442 


SEQ ID 940 


GBS443 


SEQ ID 998 


GBS444 


SEQ ID 1776 


GBS445 


SEQ ID 8634 


GBS446 


SEQ ID 2048 


GBS447 


SEQ ID 1654 


GBS448 


SEQ ID 8592 


GBS449 


SEQ ID 1634 


GBS450 


SEQ ID 1630 


GBS451 


SEQ ID 2098 


GBS452 


SEQ ID 2062 


GBS453 


SEQ ID 8636 


GBS454 


SEQ ID 1734 


GBS455 


SEQ ID 1690 


GBS456 


SEQ ID 1684 




SEQ ID 8656 


GBS458 


SEQ ID 8650 


GBS459 


SEQ ID 21 52 


GBS460 


SEQ ID 2148 


GBS461 


SEQ ID 2394 


GBS462 


SEQ ID 2778 


GBS463 


SEQ ID 8688 


GBS464 


SEQ ID 8684 


GBS465 


SEQ ID 8682 


GBS466 


SEQ ID 2694 


GBS467 


SEQ ID 2350 


GBS468 


SEQ ID 8660 


GBS469 


SEQ ID 2998 


GBS470 


SEQ ID 2988 


GBS471 


SEQ ID 2924 


GBS472 


SEQ ID 2910 


GBS473 


SEQ ID 2882 


GBS474 


SEQ ID 2878 


GBS475 


SEQ ID 2856 


GBS476 


SEQ ID 8690 


GBS477 


SEQ ID 31 12 


GBS478 


SEQ ID 3432 


GBS479 


SEQ ID 3460 


GBS480 


SEQ ID 3504 


GBS481 


SEQ ID 8734 


GBS482 


SEQ ID 8740 


GBS483 


SEQ ID 3606 
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GBS140 


SEQ ID 8632 


GBS141 


SEQ ID 1768 


GBS142 


SEQ ID 8600 


GBS143 


SEQ ID 9054 


GBS144 


SEQ ID 2238 


GBS145 


SEQ ID 8700 


GBS146 


SEQ ID 8696 


GBS147 


SEQ ID 8526 


GBS148 


SEQ ID 9010 


GBS149 


SEQ ID 8732 


GBS150 


SEQ ID 3736 


GBS151 


SEQ ID 3188 


GBS152 


SEQ ID 3952 


GBS153 


SEQ ID 3904 




SEQ ID 4024 


GBS155 


SEQ ID 8796 


GBS156 


SEQ ID 4646 




SEQ ID 4812 


GBS158 


SEQ ID 5504 


GBS159 


SEQ ID 8628 


GBS160 


SEQ ID 8924 


GBS161 


SEQ ID 8922 


GBS162 


SEQ ID 168 


GBS163 


SEQ ID 224 


GBS164 


SEQ ID 1102 


GBS1 65 


SEQ ID 3672 


GBS166 


SEQ ID 8712 


GBS1 67 


SEQ ID 4214 


GBS168 


SEQ ID 9016 


GBS169 


SEQ ID 4346 


GBS170 


SEQ ID 8982 


GBS171 


SEQ ID 6720 


GBS172 


SEQ ID 6704 


GBS173 


SEQ ID 8788 


GBS174 


SEQ ID 6150 


GBS175 


SEQ ID 62 


GBS176 


SEQ ID 8478 


GBS177 


SEQ ID 8876 


GBS178 


SEQ ID 6078 


GBS179 


SEQ ID 8848 


GBS180 


SEQ ID 3062 


GBS181 


SEQ ID 1924 


GBS182 


SEQ ID 3774 


GBS183 


SEQ ID 4796 


GBS184 


SEQ ID 1978 


GBS185 


SEQ ID 1046 


GBS186 


SEQ ID 8470 


GBS187 


SEQ ID 844 


GBS188 


SEQ ID 3410 


GBS189 


SEQ ID 6986 


GBS190 


SEQ ID 8842 


GBS191 


SEQ ID 1814 


GBS192 


SEQ ID 8618 


GBS193 


SEQ ID 2382 


GBS194 


SEQ ID 3912 


GBS195 


SEQ ID 8 


GBS196 


SEQ ID 4944 


GBS197 


SEQ ID 5486 


GBS198 


SEQ ID 8896 



SEQ ID 4970 



SEQ ID 8868 
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GBS199 


SEQID1162 


GBS200 


SEQID8936 


GBS201 


SEQID4550 


GBS202 


SEQID8666 


GBS203 


SEQ ID 6478 


GBS204 


SEQ ID 1996 


GBS205 


SEQ ID 18 


GBS206 


SEQ ID 8552 


GBS207 


SEQ ID 3822 


GBS208 


SEQ ID 3916 


GBS209 


SEQ ID 3918 


GBS210 


SEQ ID 3738 


GBS211 


SEQ ID 4680 


GBS212 


SEQ ID 8750 


GBS213 


SEQ ID 8500 


GBS214 


SEQ ID 8498 


GBS215 


SEQ ID 9022 


GBS216 


SEQ ID 8606 


GBS217 


SEQ ID 9024 


GBS218 


SEQ ID 8652 


GBS219 


SEQ ID 8646 


GBS220 


SEQ ID 2730 


GBS221 


SEQ ID 9028 


GBS222 


SEQ ID 3842 


GBS223 


SEQ ID 8794 


GBS224 


SEQ ID 9026 


GBS225 


SEQ ID 8834 


GBS226 


SEQ ID 4966 


GBS227 


SEQ ID 5030 


GBS228 


SEQ ID 5050 


GBS229 


SEQ ID 9056 


GBS230 


SEQ ID 1296 


GBS231 


SEQ ID 5810 


GBS232 


SEQ ID 5830 


GBS233 


SEQ ID 4722 


GBS234 


SEQ ID 1106 


GBS235 


SEQ ID 8560 


GBS236 


SEQ ID 6162 


GBS237 


SEQ ID 8706 


GBS238 


SEQ ID 4246 


GBS239 


SEQ ID 8980 


GBS240 


SEQ ID 8986 


GBS241 


SEQ ID 9030 


GBS242 


SEQ ID 9032 


GBS243 


SEQ ID 8678 


GBS244 


SEQ ID 6554 


GBS245 


SEQ ID 8994 


GBS246 


SEQ ID 6864 


GBS247 


SEQ ID 8856 


GBS248 


SEQ ID 454 


GBS249 


SEQ ID 8620 


GBS250 


SEQ ID 8634 


GBS251 


SEQ ID 2258 


GBS252 


SEQ ID 8648 


GBS253 


SEQ ID 2526 


GBS254 


SEQ ID 2710 


GBS255 


SEQ ID 2966 


GBS256 


SEQ ID 3424 


GBS257 


SEQ ID 3550 



GBS543 


SEQ ID 8932 


GBS544 


SEQ ID 5880 


GBS545 


SEQ ID 44 


GBS546 


SEQ ID 9014 


GBS547 


SEQ ID 12 


GBS548 


SEQ ID 8614 


GBS549 


SEQ ID 8612 


GBS550 


SEQ ID 4720 


GBS551 


SEQ ID 4710 


GBS552 


SEQ ID 1086 


GBS553 


SEQ ID 1088 


GBS554 


SEQ ID 1138 


GBS555 


SEQ ID 8748 


GBS556 


SEQ ID 5968 


GBS557 


SEQ ID 774 


GBS558 


SEQ ID 1192 


GBS559 


SEQ ID 1196 


GBS560 


SEQ ID 1268 


GBS561 


SEQ ID 8518 


GBS562 


SEQ ID 8676 


GBS563 


SEQ ID 2296 


GBS564 


SEQ ID 2300 


GBS565 


SEQ ID 8950 


GBS566 


SEQ ID 694 


GBS567 


SEQ ID 680 


GBS568 


SEQ ID 6300 


GBS569 


SEQ ID 8956 


GBS570 


SEQ ID 8972 


GBS571 


SEQ ID 8970 


GBS572 


SEQ ID 3300 


GBS573 


SEQ ID 3304 


GBS574 


SEQ ID 8726 


GBS575 


SEQ ID 8810 


GBS576 


SEQ ID 4418 


GBS577 


SEQ ID 8808 


GBS578 


SEQ ID 4382 


GBS579 


SEQ ID 4378 


GBS580 


SEQ ID 1932 


GBS581 


SEQ ID 8622 


GBS582 


SEQ ID 8624 


GBS583 


SEQ ID 1962 


GBS584 


SEQ ID 8708 


GBS585 


SEQ ID 8672 


GBS585 


SEQ ID 6444 


GBS587 


SEQ ID 8976 


GBS588 


SEQ ID 8804 


GBS589 


SEQ ID 8514 


GBS590 


SEQ ID 8510 


GBS591 


SEQ ID 630 


GBS592 


SEQ ID 8504 


GBS593 


SEQ ID 514 


GBS594 


SEQ ID 8978 


GBS595 


SEQ ID 6738 


GBS596 


SEQ ID 6712 


GBS597 


SEQ ID 6686 


GBS598 


SEQ ID 6674 


GBS599 


SEQ ID 6662 


GBS600 


SEQ ID 8988 


GBS601 


SEQ ID 8578 
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SEQ ID 5994 



SEQ ID 6456 & 8' 



SEQ ID 5374 



SEQ ID 8704 



SEQ ID 3268 



SEQ ID 6052 



SEQ ID 4488 



SEQ ID 6780 
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SEQ ID 8594 & 8596 



SEQ ID 8644 



TABLE V - NUCLEOTIDES DELETED IN EXPRESSION OF GBS/i/in PROTEINS 



Deleted nucleotides 



1-99 & 777-879 
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Function 


6 


manganese ABC transporter, ATP-binding protein (psaB) 


12 


iron (chelated) ABC transporter, permease protein (psaC) 


18 


peptidyl-prolvi cis-trans isomerase, cvclophilin-type 


26 


chorismate binding enzyme (pabB) 


30 


probable transposase (insertion sequence IS861) 


42 


peptidase, M20/M25/M40 family 


44 


drug transporter 


50 


ribosomal protein L11 (rplK) 


54 


ribosomal protein LI (rplA) 


62 


peptide ABC transporter, permease protein 


66 


peptide ABC transporter, permease protein 


78 


uridylate kinase (pyrH) 


84 


ribosome recycling factor (frr) 


104 


PhoH family protein (phoH) 


110 


MutT/nudix family protein superfamily 


116 


tetracenomycin polyketide synthesis O-methyltransferase TcmP 


134 


phosphopantethelne adenylyltransferase (coaD) 


140 


PDZ domain protein 


144 


5-nucleotidase family protein 


156 


VanZF-related protein 


158 


ABC transporter, ATP-binding/permease protein 


162 


ABC transporter, ATP-bindingypermease protein 


168 


BioY family protein 


180 


acetyl-CoA acetyltransferase 


188 


endonuclease III (nth) 


196 


glucokinase (gki) 


200 


rhodanese family protein 


204 


elongation factor Tu family protein (typA) 


212 


UDP-N-aoetylglucosamine~N-acetylmuramyl-(pentapeptide)pyrophosphoryl- 


216 


cell division protein DivlB 


220 


cell division protein FtsA (ftsA) 


224 


cell division protein FtsZ (ftsZ) 


236 


yImH protein (yImH) 


240 


cell division protein DivlVA (divlVA) 


244 


isoleucyl-tRNA synthetase (ileS) 


252 


MutT/nudix family protein 


256 


ATP-dependent CIp protease, ATP-binding subunit CIpE (cIpE) 


268 


methylenetetrahydrofolatedehydrogenase/methenyltetrahydrofolatecycloh 


— 274 — 


exodeoxyribonuclease VII, large subunit (xseA) 


278 


exodeoxyribonuclease VII, small subunit (xseB) 


282 


geranyltranstransferase (ispA) 


286 


hemolysin A 


— 290 — 


transcriptional repressor 




DNA repair protein RecN (recN) 


— ioi — 




322 


peptide ABC transporter, permease protein (oppC) 


326 


peptide ABC transporter, ATP-binding protein (oppD) 


328 


peptide ABC transporter, ATP-binding protein (oppF) 


348 


4-diphosphocytidyl-2C-methyl-D-erythritol kinase (ispE) 


352 


adc operon repressor AdcR (adcR) 


356 


zinc ABC transporter, ATP-binding protein (adcC) 


370 


tyrosyl-tRNA synthetase (tyrS) 


374 


penidllin-binding protein 1 B (pbp1 B) 


378 


DNA-directed RNA polymerase, beta subunit (rpoB) 


382 


dna-directed ma polymerase beta' chain 
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390 


competence protein CqlA (cqlA) 


— 406 — 


acetate kinase (ac!<A) 


410 


transcriptional regulator 


- ^'^^ ... 


pyrroline-5-carboxylate reductase (proC) 


422 


qlutamvl-aminopeptidase (pepA) 


—432 — 


thioredoxin family protein 


— 136 — 


tRNA binding domain protein (pheT) 


440 


metfiyltransferase 


442 


sin.qle-strand DNA-bindinp protein, authentic point mutation (ssbB) 


— 454 — 


GAF domain protein (lytS) 


...466 _ 


IrgB protein (IrgB) 


474 


oligopeptide ABC transporter, permease protein 


476 


peptide ABC transporter, ATP-binding protein 


480 


peptide ABC transporter, ATP-binding protein (oppF) 


484 


PTS system, ilABC components (treB) 


488 


alpiia amylase family protein (treC) 


494 


transcriptional regulator, BpIG family 


506 


transcriptional regulator, BgIG family 


508 


PTS system, IIB component 


514 


PTS system, IIC component 


518 


transketolase, N-terminal subunit (tictA) 


528 


ribosomal protein SI 5 (rpsO) 


546 


cysteinyl-tRNA synthetase (cysS) 


554 


RNA methyltransferase, TrmH family, group 3 


562 


DeqV family protein (deqV) 


572 


ribosomal protein S9 (rpsi) 


576 


integrase, phage family 


580 


transcriptional regulator 


596 


recombination protein 


626 


transcriptional regulator MutR 


630 


transporter 


640 


amino acid ABC transporter, permease protein (opuBB) 


642 


glycine betaine/L-proline transport ATP binding subunit (proV) 


654 


lectin, alpha subunit precursor 


662 


transcriptional regulator 


664 


acetyltransferase, GNAT family 


. 666 


acetyltransferase, GNAT family (rimJ) 


670 


acetyltransferase, GNAT family 


676 


transcriptional regulator, tetR family domain protein 


680 


ABC transporter efflux protein, DrrB family 


— 690 — 


iS1381 , transposase OrfA/OrfB, tmncation 


714 


magnesium transporter, CorA family 


718 


oxidoreductase, Gfo/ldh/MocA family 


722 


valyl-tRNA synthetase (valS) 


730 


acetyltransferase, GNAT family 


— 746 — 


methyltransferase 


— 750 — ^ 


bacteriophage L54a, integrase 


— — 


DNA-damage-inducible protein J 


— ZZ4 — 


cation efflux system protein 




oxidoreductase, aldolketo reductase family 


— tH — 




790 


3-oxoadipate enol-lactone hydrolase/4-carboxymuconolactone decarboxylas 


804 


ribonucleoside-diphosphate reductase, alpha subunit (nrdE) 


808 


nrdi protein (nrdi) 


812 


Ribonucleotide reductases 


824 


elaA protein (elaA) 


828 


RNA methyltransferase. TrmA family 


832 


RecX family protein 


840 


-identity (jaq) 
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844 


iTi6mbrane protein, 60 kDs (yidC) 


856 


UTP-glucose-1 -phosphate uridylyltransferase (galU) 


864 


rhomboid family protein 




MORN motif femily 


892 


transcriptional reQulator 


896 


adenylosuccinate lyase (purB) 


908 


phosphoribosylaminoimldazole carboxylase, catalytic subunit (purE) 


912 


phosphoribosylafT)ine~glycine llgase (purD) 


916 


phosphosupar-blnditK) transcriptional regulator 


920 


acetyl xylan esterase 


922 


ROK family protein (gki) 


926 


N-acetylneuraminate lyase (nanA) 






940 


sugar ABC transporter, permease protein (msmF) 




LysM domain protein, authentic frameshift 


— ^ — 


zoocin A endopeptidase 


— 958 — 




962 


acetyltransferase, GNAT family family 




phosphoribosylglycinamide formyltransferase (purN) 


968 


phosphoribosylformylglycinamidins cyclo-ligase (purM) 






— 9§ — 


phosphoribosylfo 


— 984 — 


phosphoiibosylaminoimidazole-succinocarboxamide syrrthase (purC) 


1042 


oligoendopeptidase F (pepF) 






— 1068 


hydrolase, haioacid dehalogenase-IIke family 


1076 


riboflavin synthase, beta subunit (ribl~l) 




riboflavin biosynthesis protein RibD (ribD) 


— 1086 


fVln2+/Fe2+ transporter, NiRAI\rtP family 


1094 




— 1116 


HPr(Ser) kinase/phosphatase (hprK) 


1130 






siqnakeroqnrtton particle-dockinq protein FtsY (ftsY) 


— 1152 


Cof family protein 


— 1156 


Cof family protein 


1172 


vicX protein (vicX) 






1180 


DNA-binding response regulator (vicR) 




amino acid ABC transporter, ATP-binding protein 


— 1188 


amino acid ABC transporter, amino acid-binding protein (fliY) 


1192 




1196 


amino acid ABC transporter, permease protein 


1208 


DNA-binding response regulator (vicR) 


1210 


threonyl-tRNA synthetase (thrS) 


1214 


Qlycosyl transferase, Qroup 1 


1218 


glycosyl transferase, group 1 (cpoA) 


1222 


alpha-amylase (amy) 


1230 


proline dipeptidase (pepQ) 


1238 


haioacid dehaloqenase-like hydrolase superfamily 


1244 


mannonate dehydratase (uxuA) 


1248 


glucuronate isomerase 


1254 


transcriptional regulator, GntR family 


1268 


sodiumqalactoside symporter family protein 


1270 


D-isomer specific 2-hydroxyacid dehydrogenase family protein 


1282 


transcriptional regulator, LysR family 


1290 


ABC transporter, ATP-binding protein (potA) 


1296 


DedA family protein 


1308 


MutT/nudix family protein family 


1310 


phosphoserine phosphatase SerB (serB) 
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1312 


septation ririQ formation reQulator EzrA 


1320 


hydrolase, haioacid dehalogenase-like family (gph) 


1340 


sensor fiistldine kinase (vncS) 


1348 


transmembrane protein Vexp3 (vex3) 


1352 


ABC transporter, ATP-bindincj protein (vex2) 


1358 


transmembrane protein Vexpl (vexl) 


1366 


transposase 


1374 


integrase, phage family 


1390 


holln 2 


1398 


minor structural protein 


1400 


host specificity protein 


1404 


minor structural protein 


1406 


PbIA 


1486 




1488 


rBvere^e^transCTriase^^ ^ ~~ 


1496 


p22 erf-like protein 




^gy" 


1500 


tropomyosin 2 


1512 


franL^ription°J reaulator related P ~ — 


1526 


— — — 2- -59 : 2 






— 1572 


PTs"s'^stem'^^ 1 


1576 


PTS system ^e'^rn^" — nt ~ ~ — ' ~~ 




PTS svstem'llA cTm '^"nent 


— 1584 — 


Trt — h hi — f 1 Ti — R^ 


1594 


adheston l^oprotdn (Imb)^^ ^'^ repressor ( acR) 


1602 


GTP pyrophosphokinase (relA) 


1606 


^ ^ ARp'r -phosphodiesterase (cpdB) 






1620 


□NA-blndim^^ n's"^°""u'l"t protein 




PTS svsterncomronenr^ ^ 


— 1634 


PTS system component (manM) ~ 


— 1638 


PTS tern — ^" 


1642 


PTS system component 


1658 


response re "ulator b"r (bl R) 


1676 


phosphate transport system re ulato rotein PhoU 




hos hate ABC fran r^"^ ATP b^d ^"t* ' tB^ 


1684 


phosphate ABC transporter permease"protein^(ps^) 


1690 


phosphate ABC transporter, permease protein (pstC) 


1694 


probable hemolysin precursor 


1704 


ribosomal protein L11 methyltransferase fprmA) 


1710 


transcriptional regulator, MerR family (skgA) 


1714 


acetyltransferase, GNAT family 


1716 


MutT/nudix family protein 


1722 


spermidine N1 -acetyltransferase 


1726 


ATPase, AAA family 


1736 


ABC transporter domain protein 


1738 


Helix-turn-helix domain protein 


1748 


inteQrase, phage family 


1756 


Helix-tum-helix domain protein 


1762 


bacteriophage L54a, integrase 


1768 


LPXTG-motif cell wall anchor domain protein 


1776 


membrane protein 


1778 


conjugal transfer protein 


1780 


1S1 381, transposase OrfA/OrfB, truncation 


1802 


transcriptional regulator (rstR-1) 


1806 


transcriptional regulator 


1808 


FtsK/SpolllE family protein 


1814 


aggregation substance 
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mercuric reductase ^^^^^ ■^ 

ranscnp rona regu a or, er ami y 


— is5I~ 




— ^m^~ 


ARPt ^ ^ rt "^yrph- d" f""'/ -p^ 

.^"^^.-^'^ in ing proein^epi ; 


— ToAa — 


Helix-tum-helix domain prot6in 




AtTrT '^^.^P'^f ^''^''^ i^osphatase(PAP2), family 








— 0 '^^'^ on pro en mily _ 

^i"!!"!!*^^" ^'^^^'^^^ 


— Tnr^i — 


glutathione reductase (por) 


1CQO 


?'d'"h "d^*^ synthase (^°^) — 


— 1ftfifi~ 






If^t Vy"'il^^^tein^^^ 


— ToiTi — 


— — A-ro t,- ^- 

ABC transporter, ATP-bindinp protein 


— 1090 


smf protein (Smffamily) 


— ^coA 




1QO0 


rans errin recep^ — — 

iron compoun ranspo er, in ing pro em 




— i^O 


iron compound ABC transporter, permease protein 


1^9 


acetyltransferase, CysE/LacA/LpxA/ NodL family 




GTP-binding protein 


— 1958 — 


carbon starvation protein A 




response requlator{!ytR) 


^^^^ 


GAF domain protein (lytS) 


—"^^ 


extracellular protein 


— 2004 — 


diarrheal toxin (yukA) 




carbamoyl-phosphate synthase, larqe subunit (carB) 




carbamoyl-phosphate synthase, small subunit (carA) 




aspartate carbamoyttransferase (pyrB) 




dihydroorotase, multifunctional complex type (pyrC) 


— OA — 
— 2040 — 


orotate phosphoribosyltransferase (pyrE) 




membrane protein 




phosphate ABC transporter, permease protein (P^*^'^) 


Ub4 — 


p osp aeA 0 anspo er, in ing p *" jP^ > 




phosphate transport system regulatory protein PhoU 




aminopeptidase N (pepN) 




DNA-binding response regulator (arlR) 




sensor histidine kinase (arlS) — 





signal recognition particle protein (ffn) 




peptide ABC transporter, peptlde-binding protein 






— pins 


sensoTl^sfld^e kinase ^^^^^ '"^grase family 


— OHO 


DNA-binding response reguldtor (vicR) 




ABC transporter, ATP-binding protein 


0100 


nisin-resis nee pro em 


— 0190 


ipopro ein 


9?TR 


gid protein (gid) 


^^^^ 






GMpT rthaseT^uaAr' ^"^'^ '^^"^''^ 




b nched chyn an^no acid ABC trans orter permease rotein (livM) 


91^1 


— h h" h • '■ H ARP rt ATP h' H' • p. 




branched chain amino acid ABC ttansporter ATP-binding protein (livF) 


2160 


acetoin utilization protein AcuB 


2174 


DNA polymerase III, delta prime subunit (holB) 


2186 


copper homeostasis protein (cutO 


2190 


phosphoserine aminotransferase (serC) 


2202 


methylated-DNA-protein-cysteine S-methyltransferase (ogt) 


2208 


exodeoxyribonuclease III (xth) 


2214 


PTS system, IIC component 


2224 


tellurite resistance protein TehB (tehB) 


2246 


icaA protein 
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ox^oreductase^^short chafnd'ehvdr enase/redudase family (fabG) 




oxidoreductase Gfo/ldh/MocA famil^familv ~ 




°i^o al "'^/^^■'i p.. . ■„ miy amiiy 


— 9975 — 


rl ^ — : r r — j TTTj) 


~2276~" 


MutVmdKLm^W^^rote\n^ oryase(qm ) 




5 meth"lthioadenosine/'s adenos Ihomoc steine nucleosidase (mtf) 


~~2296~ 


h"^ h^fd'T ^'!>t°d"l"it ^^^^"^ 


— 9^nn — 


h id ■ Til 1 

mem rane-associa e zinc me a opro ease 








DNA^^"l merase III al ha subunit Gram — t 




it reductasT famil' ^ rotein^su" erfa ^ ■ — 


OQOR 


0 It. IH 1 /Od d h h — i 1 M 




rboh" d^" t"°k nase '^B^ mH^^ " deoxyp osp og ucona e a o 




'^^ doreW e'^short ha" T'h'd s /red etas f — i (f hG) 




PTSs^ t"^ ^1^^ ° ^nentrmanLT^^"^^^*^ " ^ ^ ^ ^ — 


OOAO 


— 1 — ^^^^T' . "^'"P""^" > 

3 ucurony y ro ase 






oocn 


p "^""^"^ tl'"^"M^ 


OOR^ 


^h- ri-" ^'^°""P°."^"^"'^"^^ — — — — '■ 

sugar ™'"g nscnp "fj^^g" — rReg ^reg ; 


O^fift — 


polypeptidG u6Tormvlas6 (d6f) 


^^^^ 


oxidoreductase Gfo/ldh/MocA family ^ 


— 0^ — 


endopeptidase O (pepO) 


ooqA 


Na+/H+ antiporter 


— oTiT — 
— ol?n 


transcriptional regulator 




repllcatfon inltistlon protofn RspRC 




bacteriophage L54a, antirepressor 


— 5ZiR 




o/loo 


7- — t- r..,.. u r Tj m 

replicative DNA hellcase (dnaB) 


— oloo 


GTP-bindirig protein 


— ?440 


arp proem 


— 2/1/1 /I 




9/1c;q 


pro em 

in egrase recom mass, p age integrase mily 


— 2468 


ac eriop age a, p age ennmase 


„ 






PblB^^^^ 


— — 


— T^^T7- — U- ' 




sensor isj me ^ 




KH do ain'^^roteln" 




riboso"'al'"roTn"si6(r PI 

E LELJ 


— — 




— 2528 


ABc'transporter ATP binding protein 


2538 


carbamoyl-phosphate synthase, large subunit 






— — 


carbamoyl-phos^ph^ate synthase^ small subunit (carA) 


2554 


ribosomai°protern^L277rpm^^ ^™ ^ 


2562 


ribosomal protein L21 (rplU) 


2572 


glycerophosphoryl diester phosphodiesterase 






2586 


dipeptidase (pepV) 


2614 


GTP-binding protein HflX (hflX) 


2618 


galactose-1 -phosphate uridylyltransferase (galT) 


2626 


oxidoreductase, short chain dehydroaenase/reductase family 


2630 


single-stranded-DNA-specific exonuclease RecJ (recJ) 


2638 


adenine phosphoribosyltransferase (apt) 


2646 


Bcl-2 family protein 


2654 


oxidoreductase, DadA family protein 


2658 


giucose-1 -phosphate thymidylyltransferase (rfbA) 


2664 


dTDP-4-dehydrorhamnose 3,5-eoimerase (rfbC) 
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2682 


hyaluronidase 


2686 


mutator MutT protein (mutX) 


2690 


MutT/nudix family protein 


2694 


membrane protein 


2702 


acetolactate synthase (ilvK) 


2706 


adherence and virulence protein A (pavA) 


2714 


ABC transporter, permease protein (rbsC) 


•n'i3. 


metallo-beta-lactamase superfamily protein 


2734 


ribose 5-phosphate isomerase (rpiA) 


2738 


phosphopentomutase (deoB) 


2742 


purine nucleoside phosphorylase, family 2 (deoD) 


2750 


purine nucleoside phosphorylase (deoD) 


2762 


capsular polysaccharide biosynthesis protein Cds4A (cps4A) 


2768 


cpsb protein 


2770 


cpsc protein 


2772 


CpsE 


2774 


CpsF 


2776 


CpsVG 


zn& 


CpsVH 


2780 


CpsVM 


2782 


CpsVN 


2784 


glycosyl transferase domain protein 


2786 


glycosyl transferase, family 2/glycosyl transferase family 8 


2790 


CpsVK 


2794 


CpsL 


2796 


neuB protein 


2798 


UDP-N-acetylQlucosatDine 2-epimerase 


2800 


hexapeptide transferase family protein 


2802 




2808 


uracil-DNA glycosylase (ung) 


2818 


DNA topoisomerase IV, B subunit (parE) 


2822 


DNA topoisomerase IV, A subunit (parC) 


2826 


branched-chain amino acid aminotransferase (ilvE) 


2842 


glycerol kinase (gIpK) 


2848 


aerobic glycerol-3-phosphate dehydrogenase (gIpD) 


2874 


ABC transporter, ATP-blnding protein 


2882 


PTS system component (bglP) 


2886 


glutamate 5-kinase (proB) 


2890 


gamma-glutamyl phosphate reductase (proA) 


2898 


cell division protein FtsL (flsL) 


2904 


penlcillin-bindinq protein 2X (pbpX) 


2910 


phospho-N-acetylmuramoyl-pentapeptide-transferase (mraY) 


2914 


ATP-dependent RNA helicase, DEAD/DEAH box family (deaD) 


2918 


ABC transporter, substrate-binding protein 


2924 


amino acid ABC transporter, permease protein 


2928 


amino acid ABC transporter, ATP-binding protein 


2932 


thioredoxin reductase (trxB) 


2940 


NAD+ synthetase (nadE) 


2944 


aminopeptidase C (pepC) 


2952 


recombination protein U (recU) 


2966 


Uncharacterized protein family UPF0020 family 


2974 


autoinducer-2 production protein LuxS (iuxS) 


2978 


KH domain protein 


2986 


ABC transporter, ATP-binding protein 


2994 


DNA-binding response regulator (vraR) 


3000 


guanylate kinase (gmk) 


3004 


DNA-directed RNA polymerase, omeqa subunit 


3008 


primosomal protein N (priA) 


3012 


methionyl-tRNA fonnyltransferase (fmt) 
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3016 


Sun protGin (sun) 


3020 


protein phosphatase 2C 


3032 


sensor histidine kinase 


3034 


DNA-binding response regulator (vraR) 


3036 


cof family protein/peptidyl-prolvl cis-trans isomerase, cyclophilln typ 


3040 


S1 RNA binding domain protein (rpsA) 


3044 


pyruvate formate-lyase-activating enzyme 


3062 


PTS system, MB component (oelA) 


3066 


PTS system, cellobiose-specific IIC component (celB) 


3068 


formate acetyltransferase (pfl) 


3072 


transaldolase 


3080 


cysteine synthase A (cysK) 






3092 


competence protein ComF 


3096 


ribosomal subunit Interface protein (yfiA) 


3104 


tryptophanyl-tRNA synthetase (trpS) 






3116 


ornithine carbamoyltransferase (argF) 


3124 


arginine deiminase (arcA) 


3134 


transcriptional regulator, Crp/Fnr family 




inosine-5 -monophosphate dehydrogenase (fluaB) 


3140 




3142 


transporter 


3146 


recF protein (recF) 






3166 


ABC transporter, ATP-binding protein 


3170 


ABC transporter, ATP-binding protein 


3178 


LysM domain protein (lytN) 






3184 


L-serine dehydratase, iron-suifur-dependent, alpha subunrt (sdhA) 


3188 


L-serine dehydratase, irorvsulfur-dependent, beta subunit (sdhB) 


3202 


DHH subfamily 1 protein 


3206 




3210 


replicative DNA helicase (dnaB) 


3216 


ribosomal protein S4 (rpsD) 


3224 


transcriptional regulator, TetR family 


3236 




3238 


choline transporter (proWX) 


3240 


glycine betaine/L-proline transport ATP binding subunit (proV) 


3242 


DNA-binding response regulator 


3244 


Histidine kinase-, DNA qyrase B-, phytochrome-IIke ATPase family 


3246 


ornithine carbamoyltransferase (argF) 


3248 


carbamate kinase (arcC) 


3252 


membrane protein 


3256 


sensory box histidine kinase VicK 


3258 


DNA-binding response regulator 


3268 


Helix-turn-helix domain protein 


3278 


integrase 


3284 


ribosomal protein L33 (rpmG) 


3288 


ribosomal protein L32 (rpmF) 


3300 


YitT family protein 


3304 


Yitl family protein 


3320 


DNA mismatch repair protein MutS (mutS) 


3324 


cold-shock domain family protein-related protein 


3336 


drug transporter 


3340 


Holliday junction DNA helicase RuvA(ruvA) 


3352 


recA protein (recA) 


3386 


oxidoreductase, Gfo/ldh/MocA family 


3390 


acetyltransferase, GNAT family 
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3394 


anaerobic ribonucleoside-triphosphate reductase activating protein (nrd 


3412 


ABC transporter, permease protein (rbsC) 


3414 


ABC transporter, ATP-binding protein (nrtC) 


3416 


PTS system, mannose-specific ilAB components (manL) 


3420 


Oof family protein 


3432 


xanthine/uracil permease family protein 


3440 


acetyltransferase, GNAT family 


3442 


transcriptional regulator (cps4A) 


3448 


HIT family protein (hit) 


3460 


ABC transporter, permease protein 


3472 


Uncharacterized BCR, YiibC family COG0779 superfamily 


3484 


ribosomal protein L7A family 


3496 


esterase 


3500 


transcriptional repressor, CopY (copY) 


3504 


cation-transporting ATPase, E1-E2 family 


3508 


cation-binding protein-related protein 


3520 


DNA polymerase 1 (polA) 


3534 


DNA-binding response regulator (saeR) 


3536 


sensor histidine kinase (saeS) 


3562 


drug resistance transporter, EmrB/QacA subfamily 


3566 


peptidase M24 family protein 


3570 


peptidase M24 family protein (pepQ) 


3572 


cytidine/deoxycytidylate deaminase family protein 


3584 


translation elongation factor P (efp) 


3592 


N utilization substance protein B (nusB) 


3596 


sugar-binding transcriptional regulator, L^cl family (scrR) 


3600 


sucrose-6-phosphate deliydrogenase (scrB) 


3606 


PTS system II ABC components (scrA) 


3610 


fructokinase (scrK) 


3614 


mannose-6-phosphate isomerase, class 1 (manA) 


3622 


phosptio-2-d6hydro-3-deoxytieptonate aldolase (aroH) 


3626 


holo-(acyl-carrier-protein) synthase (acpS) 


3630 


alanine racemase (air) 


3634 


autolysin (usp45) 


3636 


ATP-dependent DNA helicase RecG (recG) 


3642 


shikimate 5-dehydrogenase (aroE) 


3652 


Cof family protein 


3668 


ferredoxin-related protein 


3676 


peptidase t (pepT) 


3684 


UDP-N- acetylmuramoylalanyl-D-glutamate— 2,6-diaminopimelate ligase (mur 


3692 


iron compound ABC transporter, substrate-binding protein 


3698 


FecCD transport family protein (sirB) 


3704 


iron compound ABC transporter, permease protein (sirB) 


3710 


inorganic pyrophosphatase, manganese-dependent (ppaC) 


3714 


pyruvate formate-lyase-activatinp enzyme (pfIA) 


3718 


CBS domain protein 


3730 


acid phosphatase 


3736 


LPXTG-motif cell wall anchor domain protein 


3738 


LPXTG-site transpeptidase family protein 


3742 


LPXTG-site transpeptidase family protein 


3744 


cell wall surface anchor family protein 


3746 


cell wall surface anchor family protein 


3752 


plycosyl transferase, group 1 family protein domain protein 


3754 


EpsQ protein 


3756 


polysaccharide extrusion protein 


3768 


dTDP-glucose 4-6-dehydratase 


3782 


glycosyl transferase domain protein 


3788 


dTDP-4-dehydrorhamnose reductase (rfbD) 


3796 


RNA polymerase siqma-70 factor (rpoD) 
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3802 


DNA primase (dnaG) 


3816 


ABC transporter, ATP-binding protein Vexp2 (vex2) 


3818 


permease 


3820 


transmembrane protein Vexp3 


3822 


transmemiirane protein Vexp3 


3832 


endopeptidase 0 (pepO) 


3834 


endopeptidase 0 (pepO) 


3840 


serine protease, siit>tilase ^mily 


3842 


exotoxin 2 


3844 


CylK 


3854 


glycine cleavage system T protein 


3856 


CylE 


3858 


ABC transporter homoloq CylB 


3862 


acyl carrier protein hiomolog AcpC (acpP) 


3864 


3-oxoacyl-{acyl-carrier-protein) reductase (fabG) 


3868 


CylD 






3912 


LPXTG-slte transpeptidase family protein 


3916 


LPXTG-site transpeptidase family protein 


3918 


LPXTG-site transpeptidase family protein 






3928 


cliaperonin, 33 kDa (hsIO) 


3932 


Tn5252, Orf 10 protein 


3934 


transposase OrfAB, subunit B 






3952 


shikimate kinase (aroK) 


3964 


enolase (eno) 


3972 


MutT/nudix family protein 


3976 


qlycosy! transferase, Qroup 1 


3978 


preprotein transiocase, SecA subunit (secA) 


3986 


preprotein transiocase SecY family protein 


3990 


glycosyl transferase, family 8 


3992 


Qlycosyl transferase, family 2 


3998 


glycosyl transferase, family 8 


4000 


glycosyl transferase, family 2/glycosyl transferase family 8 


4002 


glycosyl transferase, family 8 


4012 


LPXTG-motif cell wall anchor domain protein (clfB) 


4016 


transcriptional regulator 


4018 


excinuclease ABC, B subunit (uvrB) 


4022 


Abortive infection protein family 


4024 


amino acid ABC transporter, amino acid-binding protein/permease protein 


4026 


amino acid ABC transporter, ATP-binding protein 


4034 


GTP-binding protein, GTPI/Obg family (obg) 


4042 


aminopeptidase PepS (pepS) 


4050 


ribosomal small subunit pseudouridine synthase A (rsuA) 


4060 


lactoyiglutathione lyase (gloA) 


4064 


glycosyl transferase family protein 


4072 


alkylphosphonate utilization operon protein PhnA (piinA) 


4078 


qlucosamine-fnjctose-6-phosphate aminotransferase (isomerizinq) (qlmS) 


4090 


P iios pliof ructoki nase 


4094 


DNA polymerase 111, alpha subunit (dnaE) 


4098 


transcriptional regulator, GntR family 


4102 


ABC transporter, ATP-bindinq protein 


4106 


ABC transporter, ATP-binding protein 


4116 


FtsK/SpolllE family protein 


4122 


Helix-turn-fielix domain protein 


4152 


Helix-tum-helix domain protein 


4158 


excisionase 


4160 


transposase 
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4166 


chloramphenicol acetyltransferase (cat) 


4174 


PilB-related protein 


4178 


acetyltransferase 


4182 


Leucine Rich Repeat domain protein 


4190 


nucleoside diphosphate kinase (ndk) 


4206 


Protein of unknown function superfamily 


4218 


hydrolase, haloacid dehalogenase-IIke family (pho2) 


4226 


oxygen-independent coproporphyrinogen III oxidase 


4236 


phosphoqiucomutase/phosphomannomutase family protein (femD) 


4240 


Gram-positive signal peptide, YSIRK family domain protein 


4256 


cobyric acid synthase (cobQ) 


4260 


lipoate-protein ligase A (IplA) 


4264 


branched-chain alpha-keto acid dehydrogenase E3 component, lipoamide de 


4266 


pyruvate dehydrogenase complex, E2 component, dihydrolipoamide acetyltr 


4270 


pyruvate dehydrogenase complex, El component, pyruvate dehydrogenase be 


4286 


magnesium transporter, CorA family 


4294 


exonuclease RexB (rexB) 


4302 


phenylalanyl-tRNA synthetase, beta subunit (pheT) 


4324 


ATP synthase F1, epsilon subunit (atpC) 


4328 


ATP synthase F1, beta subunit (atpD) 


4332 


ATP synthase F1, gamma subunit (atpG) 


4338 


ATP synthase F1 , alpha subunit (atpA) 


4342 


ATP synthase F1 , delta subunit (atpH) 


4346 


ATP synthase FO, B subunit (atpF) 


4350 


ATP synthase, FO subunit A (atpB) 


4354 


proton-translocating ATPase, c subunit-related protein 


4360 


glycogen synthase (glgA) 


4362 


glycogen biosynthesis protein GIgD (gIgD) 


4366 


1,4-alpha-qlucan branching enzyme (qlqB) 


4368 


pullulanase 


4382 


ribonuclease BN 


4396 


acetyltransferase, GNAT family 


4398 


UDP-N-acetylqlucosamine 1-carboxyvinyltransferase (murA) 


4402 


thiamine-phosphate pyrophosphorylase (thiE) 


4406 


phosphomethylpyrimidine kinase (thiD) 


4410 


transcriptional regulator, Deg family (tenA) 


4414 


ABC transporter, ATP-binding protein 


4426 


S-adenosylmethionine synthetase (metK) 


4440 


DNA polymerase III, gamma and tau subunits (dnaX) 


4444 


GAF domain protein 


4448 


uridine kinase (udk) 


4452 


ATP-dependent RNA helicase, DEAD/DEAH box family 


4458 


peptidoglycan GlcNAc deacetylase (pgdA) 


4462 


glyceraldehyde-3-phosphate dehydrogenase, NADP-dependent (gapN) 


4466 


phosphoenolpyruvate-protein phosphotransferase (ptsi) 


4470 


phosphocarrier protein hpr 


4474 


NrdH-redoxin-related protein 


4478 


ribonucleoside-diphosphate reductase 2, alpha subunit (nrdE) 


4498 


glycosyl transferase, family 8 


4504 


alanyMRNA synthetase (alaS) 


4512 


alky! hydroperoxide reductase, subunit F (ahpF) 


4516 


alkyi hydroperoMde reductase, subunit C (ahpC) 


4520 


ribosomal protein S2 (rosB) 


4524 


translation elongation factor Ts (tsf) 


4532 


transcriptional regulator CtsR (ctsR) 


4536 


ATP-dependent CIp protease, ATP-binding subunit (cIpC) 


4540 


deoxynucleoside kinase 


4544 


NifR3/Smm1 family protein 


4548 


chaperonin, 33 kDa (hsIO) 
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4558 




4562 


Helix-turn-h©lix domain, fis-type protoin 


4566 


perfringolysin O regulator prot6in (pfoR) 


4570 


adGnylosuccinate synth©tas6 (purA) 


4578 




4582 


PTS syst©m, IIB componGnt (sgaT) 


4586 


PTS system, HA component (mtIA) 


4590 


hexulos©-6-phosphat6 synthass 






4598 


L-ribulose-5-phosphate 4-epimerase (araD) 


4606 


sugar binding transcriptional regulator RegR 


4610 


D-isomer specific 2-hydroxyacid dehydrogenas© family protein (serA) 








^TcfnTbetaine/l'^^rol^e frans ^ortATP binding subunit { roV) 




amincTacklTBC trans"ortT^'^ rmease protein ^" — 




Na+^H-^ exchanQeTf^milv^ro^^ (kefB) ° '" 

— i i r — M . " ^ ^ 


— 4648 — 


giyoxylase family protein 


4652 


LPXTG-site transpeptidase family protein 








L 'l^tate^d^h^roq^^^ e 


— 4rrI — 


"MAnn — ■ . < ^ — 




-jr oxidase (rox) 




' antothenate'kinase (coaA') 


— 4694 


ribosoma"^ roteYi^S2oTr^ 


ARQR 


'■ -H ARr '■ ■ ■ , . ,. 5^ 


— 4702 


ami"o ac'd ABC tra"'^'^ort^ ing pro em (aat ) 




ribosomal large subunit^'eudouri^dine'syntesTB (rluB) 


— 4734 


Uncfiaracterized ACR COG1354 


— 4738 — 




— 4742 — 


C^S "d ^^^'^^^°'^H^^^' ^^^^^ '"teflrase family (xerD) 


— 4746 


phosphaes'terase^'" 


— 4750 


HAM1 protein 


— 4768 




— 4792^ 


am'ino a'cMTBcTrans^rote^^^ 


— 4796 


amino acid ABC transporter, substrate-binding protein 


4798 


6-aminoiiexanoate-cyclic-dimer tiydrolase 






4804 


Uncharacterized BCR, YceG family COG1559 


4812 


UDP-N-acetylmuramate— alanine ligase (murC) 


4822 


Snf2 family protein 




GTP-bindInq protein (b2511) 


4832 


primosomal protein Dnal (dnal) 


4844 


sensor fiistldlne kinase (arlS) 


4846 


DNA-blnding response regulator (arlR) 


4852 


heat shock protein HtpX (htpX) 


4870 


potassium uptake protein, Trk family 


4874 


ABC transporter, ATP-binding protein 


4888 


phosphoglycerate Idnase (pgl<) 


4896 


transcriptional regulator, MerR family 


4900 


glutamine synthetase, type 1 (gInA) 


4904 


secreted 45 kd protein (usp45) 


4908 


metallo-beta-lactamase superfamily protein 


4916 


glycoprotease family protein 


4926 


glycoprotease family protein (qcp) 


4938 


ribosomal protein S14p/S29e (rpsN) 


4952 


exonuclease (dnaQ) 


4956 


transcriptional regulator, merR family 


4958 


cyclopropane-fatty-acyl-ptiospholipid synttiase (cfa) 


4970 


1 ,4-diliydroxy-2-naphttioate octaprenyltransferase (menA) 
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4972 


pyridine nucleotide-disulphide oxidoreductase (ndh) 


4974 


cytoctirome d oxidase, subunit 1 (cydA) 


4976 


cytochrome d ubiquinol oxidase, subunit II (cydB) 


4980 


transport ATP-blnding protein CydD 


4988 


polyprenyl synthetase (ispB) 


4990 


X-pro dipeptidyl-peptidase (pepX) 


4998 


drug transporter 


5002 


universal stress protein family 


5004 


qlycerol uptake facilitator protein (gIpR 


5012 


cppA protein (cppA) 


5034 


exodeoxyribonuclease V, alpha subunit (recD) 


5038 


Signal peptidase 1 


5042 


ribonuclease Hill (rnhC) 


5062 


transcriptional regulator 


5068 


maltose ABC transporter, permease protein (malD) 


5072 


maltose ABC transporter, pemiease protein (malC) 


5088 


ABC transporter, ATP-blnding protein 


5092 


ABC transporter, pemnease protein 


5106 


spspoJ protein (spoOJ) 


5114 


DNA polymerase III, beta subunit (dnaN) 


5118 


Diacylqlycerol kinase catalytic domain (presumed) protein 


5138 


transcription-repair coupling factor (mfd) 


5142 


S4 domain protein 


5156 


MesJA'cf62 family protein 


5160 


hypoxanthlne phosphoribosyltransferase (hpt) 


5164 


cell division protein FtsH (ftsH) 


5172 


hydrolase, haloacid dehalogenase-like family (b2690) 


5178 


transcriptional regulator, MarR family 


5182 


3-oxoacvl-(acvl-carrier-protein) synthase III (fabH) 


5190 


enoyl-(acyl-carrier-protein) reductase (fabK) 


5194 


malonyl CoA-acyl carrier protein transacylase (fabD) 


5198 


3-oxoacyl-[acyl-carrier protein] reductase (fabG) 


5200 


3-oxoacyl-(acvl-carrler-protein) synthase II (fabF) 


5202 


acetyl-CoA carboxylase, blotin cariMxyl carrier protein (accB) 


5206 


(3R)-hydroxymyristoyi-(acyl-can(ier-protein) dehydratase (fabZ) 


5210 


acetyl-CoA cartraxylase, biotin carboxylase (accC) 


5214 


acetyl-CoA carboxylase, carboxyl transferase, beta subunit (accD) 


5218 


acetyl-CoA carboxylase, carboxyl transferase, alpha subunit (accA) 


5224 


seryl-tRNA synthetase (serS) 


5234 


PTS system, mannose-specific IID component 


5246 


ribosomal large subunit pseudouridine synthase, RluD subfamily (rluD) 


5254 


GTP pyrophosphokinase (relA) 


5266 


ribose-phosphate pyrophosphokinase (prsA) 


5270 


aminotransferase, class-V 


5274 


DNA-bindinq protein 


5282 


Domain of unknown function 


5290 


platelet activating factor 


5296 


transcriptional regulator, AraC family 


5302 


voltaqe-gated chloride channel family protein 


5318 


spermldine/putresclne ABC transporter, ATP-bindIng protein (potA) 


5320 


UDP-N-acetylenolpyruvoylqlucosamine reductase (murB) 


5324 


bifunctional folate synthesis protein (folK) 


5328 


dihydroneopterin aldolase (folB) 


5332 


dihydropteroate synthase (folP) 


5336 


GTP cyclohydrolase 1 (folE) 


5344 


rarD protein (rarD) 


5348 


homoserine kinase (thrB) 


5354 


Polysaccharide deacetylase family (icaB) 


5362 


osmoprotectant transporter, BCCT family (opuD) 
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5384 


thiol peroxidase (psaD) 


5388 


hydrolase 


5390 


transcriptional regulator, GntR family 


5402 


gls24 protein 


5424 


uncharacterized domain 1 


5440 


cation efflux family protein 


5454 


dihydroorotate dehydrogenase A (pyrDa) 


5458 


t)eta-!actam resistance factor (fibB) 


5462 


t)eta-lactam resistance factor (fibA) 


5474 


HD domain protein 


5482 


cation-transporting ATPase, E1-E2 family 


5486 


fructose-1 ,6-bisphosphatase (fbp) 


5488 


iron-sulfur cluster-bindinq protein 


5492 


peptide chain release factor 2 (prfB) 


5496 


cell division ABC transporter, ATP-blnding protein FtsE (flsE) 


5504 


carboxymethylenebutenolidase-related protein 


5506 


metallo-beta-lactamase superfamily protein 


5514 


DNA polymerase III, epsllon subunit/ATP-dependent helicase DinG 


5520 


asparaginyl-tRNA synthetase (asnS) 


5526 


inosine-uridine preferring nucleoside hydrolase (iunH) 


5528 


general stress protein 170 


5534 


Uncharacterised protein family superfamily 


5538 


Uncharacterized BCR, COG1481 


5546 


zinc ABC transporter, zinc-binding adhesion llprotein (adcA) 


5560 


isochorismatase family protein (entB) 


5566 


3-hydroxybutyryl-CoA dehydrogenase 


5572 


pyruvate phosphate dikinase (ppdK) 


5574 


glutamyl-tRNA(Gln) amidotransferase, C subunit (gatC) 


5580 


glutamvl-tRNA(Gln) amidotransferase, A subunit (gatA) 


5594 


GTP-binding protein 


5612 


iojap-related protein 


5626 


transcriptional regulator SkgA (skgA) 


5630 


glycerol uptake facilitator protein (glpF) 


5634 


dihydroxyacetone kinase family protein 


5638 


dihydroxyacetone kinase family protein 


5640 


transcriptional regulator, tetR family 


5646 


dihydroxyacetone kinase family protein 


5654 


glutamine amidotransferase, class 1 


5666 


peptidase, M20/M25/M40 family 


5668 


ABC transporter, ATP-binding protein 


5686 


pur operon repressor (purR) 


5690 


cmp-binding-factor 1 (cbfl) 


5694 


competence-induced protein Ccs50 (ccs50) 


5702 


ribulose-phosphate 3-epimerase (rpe) 


5710 


rRNA (quanine-NI-Vmethyltransferase (nrmA) 


5712 


dimethyladenosine transferase (ksgA) 


5718 


primase-related protein 


5726 


endosome-associated protein 


5728 


CGI 7785 gene product 


5734 


dltD protein (dltD) 


5738 


D-alanyl carrier protein-related protein 


5742 


dItB protein (dItB) 


5754 


DNA-binding response regulator (arlR) 


5756 


ribosomal protein L34 (rpmH) 


5766 


penicillin-binding protein 4 (pbp4) 


5770 


intein-containing protein 


5774 


NifU family protein 


5778 


aminotransferase, class-V 


5782 


Uncharacterized protein family (UPF0051) family 



wo 02/34771 



-3012- 



PCT/GBOl/04789 



5786 


ABC transportGr, ATP-bindinp protein 


5790 


glycosyl transferase domain protein (llm) 


5794 


transcriptional regulator MecA (mecA) 


5798 


undecaprenol kinase 


5806 


amino acid ABC transporter, amino acid-bindinQ protein/pemiease protein 


5808 


amino acid ABC transporter, ATP-binding protein 


5834 


riboflavin biosynthesis protein RibF (ribF) 


5850 


type 1 restriction-modification system, S subunit 






5862 


aggregation substance 


5866 


ID479 


5896 


type II DNA modification metfiyltransferase Spn5252IP (spn5252IMP) 






5922 


ATP-dependent CIp protease, ATP-binding subunit CIpC (cIpC) 


5926 


homocysteine S-methyltransferase (mmul\^) 


5932 


transcriptional regulator, TetR family 








thvmMv^atesvntliase^r^^^ 


— 5956 


condensinq enzyme FabH-related 


— 5960 


hvdroxvmethvlqlutafvl-CoA reductase deqradative 


— 5974 


gene idK21C13 21~^i^r||T04769~strongsManty to unknown protein put 


5976 


FMN-dependent dehydrogenase famiiy protein 




phosphomevalonate kinase 


— 5986 




KQQn 


mevatona^rkinase^rnvkt'^^ oxyiase^mva 




Histidine kinase-, DNA gyrase B*, phytochronie-lil<e ATPase family (PhoR1 


6002 




6dois 


^an^posase^foMnse^^^ sequence element is904 




5' nucleotidase family 


6018 


polypeptide deformylase (def) 


6022 


NADP-specific giutamate dehydrogenase (gdhA) 


6026 


ABC transporter, ATP-binding/permease protein 






6030 


acetyltransferase, GNAT family family 


6032 


ABC transporter, ATP-binding protein 


6040 


degV famiiy protein (degV) 


6056 


carbohydrate l<inase, Pfl<B family (fruB) 


6064 


beta-lactam resistance factor (f ibB) 


6070 


2-dehydropantoate 2-reductase 


6076 


PTS system component 




pyridine nucleotide-disulphide oxidoreductase family protein (tfxB) 


6082 


tRNA (guanine-N1)-methyltransf6rase (trmD) 


6092 


c5a peptidase precursor 


6100 


ParA 


6102 


transposase family protein (orfA) 


6116 


Tn5252, relaxase 


6120 


Tn5252, Orf 10 protein 


6124 


mercuric reductase 


6126 


transcriptional regulator, MerR family 


6132 


cation transport ATPase, E1-E2 family 


6138 


cation-transporting ATPase, E1-E2 family 


6140 


cation-transporting ATPase, E1-E2 family 


6144 


cation-transportinq ATPase. E1-E2 family 


6146 


transcriptional repressor, CopY (copY) 


6150 


cadmium resistance transporter 


6158 


membrane protein 


6162 


flavoprotein (dtp) 


6170 


lipoate-protein ligase A 


6174 


FI\^N oxidoreductase (nemA) 
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6178 


BactGrial luciferase superfamily 


6182 


glycine cleavage system H protein (gcvH) 


6186 


Domain of unknown function 


6194 


lipoate-protein ligase A (IplA) 




fomiate--tetrahvclrofolate lipase (fhs) 


6202 


cardiollpin synthetase (cIs) 


6220 


aminotransferase, class II (aspB) 


6222 


RNA methyltransferase, TmtiH family, group 2 






6242 


purine nucleoside phosphorylase (deoD) 


6248 


deoxyribose-piiosphate aldolase (deoC) 


6254 


Lyme disease proteins of unknown function 




ribosomal larcje subunit pseudouridlne synthase, RluD subfamily (rluD) 


6262 


penicillin-binding protein 2A (pbp2A) 








transcription antitermination protein NusG (nusG) 


— 6272 — 




6276 


glycosyl transferass, family 8 


— ^84 — 




— 6292 


"sensorrboxhteM 


— — 


-r ^~r~' S HTu Ifa '( — lux 

— omocys eine -me y ran — rase [me — j 


— 6310 — 






DNA to olo ^ modulation protein FlaR 




transiation'^nitiation"factorlF-lTinfA) '■ 


aoon 


— d — rT~k' — e( dk) 


QOOQ 


^bos^^ 1 "oteinL15(r 10) 


g-g- 


"b o"'al '^rotein L30 ( mD) 


gggg 


ribSomal '^rotein S5 (rosE) ' 


K^UA~~ 


ribosomal protein L6 (rplF) 


gg^^Q 


ribosomal protein S8 (rpsH) 


ggg2 


ribosomal protein SI 4 (rpsN) 


6356 


rilDosomal protein L5 (rplE) 


— 6360 




Qggg 


ritxjsomal protein L14 (rpIN) 


gggg 


ribosomal protein SI 7 (rpsQ) 


6372 


ribosomal protein L29 (rpmC) 




ribosomal protein LI 6 (rpIP) 


6378 


ribosomal protein S3 (rpsC) ' 


6382 


ribosomal protein L22 (rpIV) 


6386 


ribosomal protein 319 (rpsS) 




ribosomal protein L2 (rplB) 


6394 


ribosomal protein L23 (rplW) 


6398 


rItMDsomal protein L4/L1 family (rpID) 


6402 


ribosomal protein L3 (rpIC) 


6408 


ribosomal protein S1 0 (rpsJ) 


6414 


MATE efflux family protein 


6418 


threonine syntliase (tlirC) 


6428 


Uncharacterized BCR, C0G1 636 superfamily 


6436 


4-alpha-qIucanotransferase (malQ) 


6440 


glycogen phosphorylase family protein (malP) 


6444 


glycerol-3-phosphate transporter (gIpT) 


6452 


rhodanese family protein 


6458 


ammonium transporter 


6464 


DNA repair protein RadA (radA) 


6472 


oxidoreductase, pyridine nucleotide-disulfide, class 1 


6478 


ribose ABC transporter, periplasmic D-ribose-binding protein (rbsB) 


6484 


ribose ABC transporter, ATP-bindinq protein (rbsA) 


6486 


ribose ABC transporter protein (rbsD) 


6488 


ribokinase (rbsK) 
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ABC transportsr, ATP-bindinp prot6in 




DNA-binding response regulator (vicR) 






508 — 


argininosuccinate syn ^^^^^^9 > 

argininosuccinate lyase (arg ) ^ 




bacteriophaqe L54a, repressor protein 


^^^^ 


soluble transducer HtrXIII 




pro a e ransposase (insertion sequence ) 




transpo er, A — ino ng/permease pro ei 





ABC transporter, ATP-bindincj/permease protein 


- 


Serine hydroxymelhyltransferase 




HemK protein (hemK) 


— 6572 


peptide chain release factor 1 (prfA) 




thymidine kinases 


— 6580 — 


4-oxalocrotonate tautomerase (dmpi) 


^^^^ ■ 


oxidoreductase 


— 6594 


oxidoreductase 




formate/nitrite transporter family protein 


— 6608 — 


xanthine permease (pbuX) 


^^""^ 


xanthine phosphoribosyitransferase (xpt) 


— 6616_ 


guanosine monophosphate reductase (guaC) 


— 6620 


drug resistance transporter, EmrB/QacA subfamily 


6622 


oxidoreductase 


^^^^ 


Kup system potassium uptal<e protein (kup) 


.. 


0-mefhyltransferase 


6642 


ollqoendopeptidase F (pepF) 


6646 


competence protein CoiA (coiA) 




major facilitator superfamily protein superfamtly 


— 6652 


ribosomal small subunit pseudouridine synthase A (rsuA) 


^^^^ ■ 


qlucosamlne-6-phosphate Isomerase (nagB) 


— 6662 


nodulin-related protein, truncation 


— 6664 


S-adenosyimethioninetRNA ribosyltransferase-isomerase (QueA) 


6674 


permease, GntP family 


^^^^ 


6-phospho-beta-q]ucosidase (bqlA) 


^^^^ 


PTS system, beta-giucosides-speciflc IIABC components 


— 6688 


transcription antiterminator Lict (licT) 


— 6704 — 


esterase 




suqar-bindinq transcriptional repressor, Lad family 




hydrolase, haloacid dehalogenase-like family 




DNA internalization-related competence protein ComEG/Rec2 


— 6716 — 


competence protein CelA (celA) 


^^^^ 


acyltransferase family protein 


^^^^ 


ATP-dependent RNA helicase DeaD (deaD) 




lipoprotein, YaeC family 


— 6738 — 


ABC transporter, permease protein 




diacyiqlycerol kinase (dql^A) 




formamidopyrimidine-DNA glycosylase (mutM) 


^^^^ 






epideri^n jmmuni y protein 


— 


acyl carrier protein phosphodiesterase 


— 6800 




6822 


D-alanine— D-alanine ligase 


6824 


recombination protein RecR (recR) 


6830 


penicillin-bindinq protein 2b 


6832 


phosphoglycerate mutase (gpmA) 


6836 


triosephosphate isomerase (tpiA) 


6856 


phosphoglycerate mutase family protein 


6860 


D-alanyl-D-alanine carboxypeptidase family 


6864 


autolysin 


6868 


heat-inducible transcription repressor HrcA (hrcA) 
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heat shock protein GrpE (qrpE) 




chaperone protein dnak 




na pro em ( na ) — _ 




Ja!T^"^'°T '^^9"^°'^'^" — amiy omainproein 


— 


tRNA pseudoundine synthase A (truA) 


- 


_phosphomethylpyniTiidine kinase (^hiD) — — ■ 








ga ac ose- osp a eisomerase ac su uni ( ac ) _ — 

— ' " . '-. — 




^^^^ 


suQar ABC transporter, ATP-binding protoin (msmK) 




Qlucan 1 ,6-'dlpha-Qlucosid3SG (d6xB) 




UDP-glucose 4-epimer3se (QalE) 


— 69f_ — 


response regulator (citB) 


— — 


citrate carrier protein (citS) 




malate oxidoreductase (tme) 




bacterocin transport accessory protein 


— 6976 


transposase family protein (orfA) 


— 6980 


pX01-128 


^^^^ 


adhesion lipoprotein (Imb) 




DNA-directed RNA polymerase, alpha subunit (rpoA) 


— 6998 


ribosomal protein L17 (rplQ) 


— 7040 


probable dna-directed ma polymerase delta subunit 




CTP synthase (pyrG) 




bacteriocin transport accessory protein 


— 7074 — 


translation initiation factor IF-3 (InfC) 


7100 


adenosine deaminase 




preprotein translocase, SecE subunit 




antigen, 67 kDa 


— 8486 


Lipase/Acylhydrolase 




peptide ABC transporter, pemiease protein (oppB) 




competence protein CgIB (cgIB) 




peptide ABC transporter, peptide-binding protein 


— an 


oxidoreductase 




amino acid ABC transporter, pennease protein (opuBB) 




abc transporter atp-binding protein ybhf 




glycerol-3-phosphate dehydrogenase (NAD(P)+) (gpsA) 


— 22£° — 


sugar ABC transporter, sugar-binding protein 




secreted 45 kd protein (usp45) 




phosphoglycerate mutase family protein 




glycosyl hydrolase, family 3 


ocTfi 


N-acetylmuramoyl-L-alanine amidase 


QCQC 


sensory box histidrne kinase (withHAMPandPASd) 


— HRn 


aminoglycoside 6-adenylyltransferase 


— OfiOO 


iron compound ABC transporter, permease proteiri (sirB) 


— RfiQfi 


u 1, ■ — '"^"^P" PQ^^Q^se pro ein (ps - ) 


— «R~rr" 


branched-chain amino acid transport system II carrier protein (bmQ) 


Rfiqn 


PTS system, IID component — 


QgfiO 


rep isome organiser-re a e pro ein 


— 


^ f t'" «• °'^"a " ^"^^^ 


RR7R 


exfoliative toxin A 


~8690 — 




8698 


ABC transporter, ATP-binding protein 


8706 


CDP-diacylglycerol~glvcerol-3-phosphate 3-phosphatidyltransferase (pgs 


8708 


cobalt transport protein 


8730 


integral membrane protein 


8734 


yadS protein 


8736 


ceil wall surface anchor family protein 


8748 


polysaccharide biosvnthesis protein 


8752 


qlycosyl transferase domain protein 


8764 


endopeptidase O 
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ABC trans 'orter'^ATPb^ndim^ 




pe • Ml^"-b'ndir' D otein — " 


8778 


reHwarsu'rface anchor familv protein 




"ceii ii — rface nchor famil rot ' 




LPXTG-motif c^l^wali°anc^^ 


— 8788 


6-a i ohe anoate c lie dimer h d la 


gg 


NLWP60fa^i°'^rot'e^^ '"^^'^ ^ ' ' — 


— RRfl5 — 


y'^ — 7, 1 


gQg 


-j— j eth"lthi^azole Idn^ase^fthiMT^^ 




PTsTsterncom" nent^^^ ' '' 


gggg 


su ar A^Bc"tranT'^rter" e P 

— 7 — '■ — '. P 


ooqg 


potassium uptake protein, Trl^ family (triv\) 




lernA protein (lenfiA) ^ 








CO a ^^"^P° '^'^".^'".pr; ■ -T ... : — r-r-r. 

spermi ine pu rescine ranspo — r, spermtaine/putrescine- inaing pr 


— 


spermidine/putrescine ABC transporter, permease protein (potC) 




ABC transporter, substrate-bindfriQ protein 


- 


lipoprotein — 


— 


sensor is i ine — na^ 




TrsK-like protein (traKj 




R5 protein _ j 




cnromosome assembly protein homolog 


— 


ribose ABC transporter, permease protein (rbsC) ; 




permease 




sensor histidlne kinase (arlS) 




hydrolase, haloacid dehalogenase-like ^mily (gph) 


— 8994 


dephospho-CoA kinase 




oxalateformate antiporter 




sensory box protein — 


°: 


PApTf ^'^"^^Pgg — ipoprotein 




- ■ , ^ 


— omT" 




■ 


ami y protein — ^ 




ipopro em signa pep i ase(sp ) — ^ 


— 9284 


i-^ °fari^ rogenase, zinc-con ining ^a ) 

°^ Zr- — u iTI iKTx 


— coSn — 


fructose-bisphosphate aldolase (fba) 






g 


olf o^e ^ideABC tran^ rter erm ase rot "n 


— 9298 


N'aceH 'lurosamine"6'c^or'hTted^?re^'la^'"(na A) 


— Qonn 


T~ — i " p — ^r~f, — — — ^ 


— 9302 


I^TS^svstem Vannos^ edfic MC^com onent (ma 

_ — y ■ ^-2 P \ — HJ 


— 9306 — 




— 9310 


as °artat'e^-ammon!a'r^asr(asnA) 


— — 


arriino acid ABC transporter ATP binding protein 


— 9314 


DNA-binding protein HU (hup) 


9316 


DHH subfamily 1 protein 


9318 


chloride channel 


— 9320 — 




9324 


DNA/RNA non-speclflo endonuclease 


9326 


PTS system component 


9328 


cell division protein, FtsW/RodA/SpoVE family (ftsW) 


9330 


LPXTG-motif cell wall anchor domain protein 


9332 


peptide chain release factor 3 (prfC) 


9334 


ABC transporter, ATP-binding protein 


9336 


superoxide dismutase fmn-fe] 


9340 


phenylalanvl-tRNA synthetase, alpha subunit (pheS) 


9342 


amino acid ABC transporter, permease protein 


9344 


phosphate ABC transporter, phosphate-bindinq protein (pstS) 
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NOL1/NOP2/sun family protein (sun) 




Abortive infection protein family 




permease 


9352 


N-acetylmuramoyl-L-alanine amidase domain protein (usp45) 


9354 


ABC transporter, ATP-bindinq protein 


^•^^^ 


phosphoglucomutase (pgm) 


^^^^ 


oxidoreductase, short chain dehydrogenase/reductase family 


9360 


phosphate acetyitransferase 


9362 


gls24 protein 


9364 


ribosomal protein SI (rpsA) 


^•^^^ 


dTDP-glucose 4,6-dehydratase (rfbB) 


9370 


excinuclease ABC, C subunit (uvrC) 


9372 


MATE efflux family protein 


.^'^'^^ 


amino acid permease (rocE) 


9380 


DNA-binding response regulator TrcR (trcR) 


9382 


IBS rRNA processing protein RimM (rimM) 


9384 


transcriptional regulator 


9388 


ribosomal protein L20 (rpIT) 


9394 


sugar-binding transcriptional repressor, Lac! family (maIR) 


9396 


proton/peptide symporter family protein 


9398 


amino acid pennease 


9400 


exoribonuclease, VacB/Rnb family (vacB) 


9402 


mutti-dmg resistance efflux pump (pmrA) 


9404 


adhesion lipoprotein (psaA) 


9406 


iron-dependent transcriptional regulator (sirR) 


9410 


branched-chain amino acid ABC transporter, amino acid-binding protein ( 


9412 


amino acid permease 


9414 


SpoU rRNA Ivlethylase family protein 


9416 


sodium/dicarboxviate symporter (qltP-2) 


9418 


branched-chain amino acid transport system II canler protein (brnQ) 


9420 


alcohol dehydrogenase, zino-contalning 


9422 


aminotransferase, class I (aspB) 


9424 


ribosomal protein S6 (rpsF) 


9426 


A/G-specific adenine glycosylase (mutY) 


9428 


acid phosphatase (olpA) 


9430 


ribosomal protein SI 2 (rpsL) 


9434 


microcin immunity protein MccF (mccF-1) 


^^^^ 


undecaprenyl diphosphate synthase (upp>S) 


^^^^ 


preprotein translocase, YajC subunit (yajC) 


. .. 9^.9. 


chaperonin, 10 kDa (groES) 


9444 


YitT family protein 




serine protease (htrA) 




ribose-phosphate pyrophosphokinase (prsA) 


9450 


aromatic amino acid aminotransferase (araT) 


9452 


Recombination protein O (recO) 


^'^^^ 


Abortive infection protein family 


— 945^ 


fatty acid/phospholipid synthesis protein Pl^ (pIsX) 


9458 


acyl carrier protein (acpP) 


9462 


phosphoribosylaminoimidazole carboxylase, ATPase subunit (purK) 




alcohol dehydrogenase, iron-containing 






9468 


preprotein translocase, SecY subunit 


9470 


transcriptional regulator ComXI (comXI) 


9472 


deoxyuridine 5' -triphosphate nucleotidohydrolase (dut) 


9478 


sugar-binding transcriptional regulator, Lad family (rbsR) 


9480 


SPFH domain/Band 7 family 


9488 


zinc ABC transporter, permease protein (adcB) 


9492 


abortive infection protein 


9494 


hydrolase, haloacid dehatoqenase-like family 
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response regulator (lytT) 




transketolase, C-terminal subunit 




polyribonucleotide nucleotidyltransferase (pnp) 


— 9504 — 


serine O-acetyltransferase (cysE) 


— 9508 


ribosomal protein L13 (rplM) 


— 9510^ 


replication initiation protein 


0^99 


amino acid ABC transporter, amino acid-binding protein 


— ^S±£ — 


glycyl-tRNA synthetase, alpha subunit (glyQ) 


— 9524 


NADH oxidase 


^^^^ 


transketolase (tkt) 




penicillin-binding protein 1A (pbp1A) 


— 9536 — 


cell division protein DivlVA (divlVA) 


9538 


sensor histidine kinase 


— 9540_ 


serine/threonine protein kinase (pknB) 


— 


transcriptional regulator 


9544 


PTS system, IIA componertt (lacF) 


9546 


glycerol dehydrogenase (gIdA) 


— 


aspartate kinase (thrA) 




enoyl-CoA hydratase/isomerase family protein 


_9552 _ 


acyl carrier protein (acpP) 


9564 


ABC transporter, ATP-binding protein 


^^^^ 


N utilization substance protein A (nusA) 


— 9568 


ribosome-binding factor A (rbfA) 


9570 


Cof family protein 


9572 


CoA binding domain protein (b0965) 


9574 


transcriptional regulator. Fur family 


— 9578 


queuine tRNA-rit)osyttransferase (tgt) 


?§§5 


ribonuclease P protein component (rnpA) 


9582 


serine protease, subtilase family 


9584 


glycosyl transferase domain protein 


9586 


transcriptional activator, AraC family 


9588 


transcriptional regulator, TetR family 


9590 


transcriptional regulator, AraC family 


— 9594 


surface protein Rib 


— 9596 


transposase, mutator family 


— 9600 — 


acetyltransferase, GNAT family 


9602 


Transposase, Mutator family 


— 9606 


UDP-sugar hydrolase 




anthranilate synthase component II (trpG) 


— 9612 — 


blotin synthetase (bioB) 


^^""^ 


UDP-N-acetylmuramovialanine— D-glutamate ligass (murD) 


^^l^ ■■ 


ylmP protein (yImF) 


— 9620 — 


amino acid ABC transporter, permease protein 


— 9622 — 


phosphoglucomutase (pgm) 




YjeF-related protein, C-terminus 


^"OR 


FemAB family protein (fibA) 


— OR 

— 9628 


Cof family protein 


— 9630 — 


cell division ABC transporter, permease protein FtsX (ftsX) 




oxidoreductas6, short-chain dehydrogenase/reductase family (fabG) 








ribosomal prote^^ 


9640 


nrdi protein (nrdi) 


9642 


ribosomal protein L19 (rplS) 


9644 


bacteriophage L54a, repressor protein 


9646 


bacteriophage L54a, antirepressor 


9652 


single-strand binding protein (ssb) 


9660 


pneumococcal surface protein A 


9666 


DNA-binding response regulator (vncR) 


9668 


transposase OrfAB, subunit B 
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cell division protein, FtsW/RodA/SpoVE family (todA) 




DNA gyrase, B subunit (gyrB) 


^^^^ 


3-phosphoshil<imate 1-carboxyvinyltfansferase (aroA) 


^^^^ 


RNA methyltransferase, TrmA faniily 




transcriptional regulator, AraC family 




ABC transporter, ATP-binding protsin 




-^yy 


— 9696 — 


permease 


9698 


regulatory protein 




carbohydrate kinase, pfkB family 


^^^^ 


beta-glucuronidase 


— 9704 


2-deydro-3-deoxyphosphogluconate aldolase/4-hydroxy-2-oxoglutarate aldo 




3-oxoacvl-(acyl-carrier-protein) reductase 


— 9708 


catabolite control protein A (ccpA) 


9712 


ribonuclease III (rnc) 


— 9714 


SMC family, C-terminal domain family 


9718 


S1 RNA binding domain protein 


9722 


prolipoprotein diacylglyceryl transferase (Igt) 


9724 


riboflavin synthase, alpha subunit (rIbE) 


— 9726 — 


3,4-dihydroxy-2-butanone 4-phosphate synthase/GTP cyclohydroiase II (ri 


9728 


lysyl-tRIMA synthetase (lysS) 


9734 


Transposase subfamily 


9738 


translation elongation factor Tu (tuf) 


9740 


UDP-N-acetylmuramoylalanyl-D-glutamyl-2,6-diaminopimelate~D-alanyl-D-a 


9746 


Glutathione S-transferases domain protein 


9754 


Ribonucleotide reductases 


9756 


biotin— acetyl-CoA-carboxylase ligase 


9760 


Uncharacterized protein family SNZ family 


9762 


methionine aminopeptidase, type 1 (map) 


— 9764_ 


DNA ligase, NAD-dependent (ligA) 


9766 


glucose-1 -phosphate adenylyltransferase (gIgC) 


9768 


UDP-N-acetylglucosamine 1-carboxyvinyltransferase (murA) 


9770 


acetyltransferase, GNAT family 


^^^^ 


exonuclease RexA (rexA) 


^^^'^ 


tRNA modification GTPase TrmE (trmE) 


9776 


ABC transporter, ATP-binding protein 


9778 


pyruvate dehydroqenase complex, El component, pyruvate dehydrogenase al 


^^^^ 


Mur ligase family protein 


^^^^ 


HD domain protein 


— 9788 — 


translation elongation factor G (fusA) 


^^^^ 


pyruvate kinase (pyk) 


— 9798 


Signal peptidase 1 


^^^^ 


cytidine deaminase (cdd) 


— 9804 — 


sugar ABC transporter, ATP-binding protein 




sugar ABC transporter, permease protein 




acetyltransferase, GNAT family 




ABC transporter, permease protein 


— 9812__ 


_SatD _ _ ^ 




Helix-tum-helix domain, fis-type protein 


^^^^ - 


phosphate ABC transporter, ATP-binding protein (pstB-1) 


9818 


tRNA pseudouridine synthase B (truB) 


9820 


Acetyltransferase (GNAT) family 


9822 


DNA topoisomerase 1 (topA) 


9824 


ribonuclease HII (rnhB) 


9830 


orotidine 5'-phosphate decarboxylase (pyrF) 


9832 


aspartate-semialdehyde dehydrogenase (asd) 


9836 


pantothenate metabolism flavoprotein (dfp) 


9840 


Sua5A'ciO/YrdC/YwlC family protein 


9844 


thiamine biosynthesis protein ApbE 
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DNA repair protein RadC (radC) 








Cof family protein (b0844) 


— 9854 


speninidlne/putrescine ABC transporter, pemiease protein (potH) 


— 9856 






^ ^rifT* ^dehwlreaenEBe (horn) 




^ornoserine ^^^^^ dehvdroqenase (qabD-1) 


QftR5 — 


membrane protein ^ — 


— qsai 


ATP-dependent DNA helicase PcrA (pcrA) 








Tdiumalan^ne^ ^"'^^rter family protein 


— QS7R~ 


i i In d K th^ • r tAR( <s4m 

capsu ar po ysac an e losyn esis pro ein p [eg j 


QQOn 


ranscrip lona reguaor, ys — arrHif 








— h i te^ 


QPOR 


^ ° . — ^ ^. ■ 


— QOOO 


ABC t ATP b d' te' (PotA) 

ranspo er, - in ing pro in (potA; 






QRQ9 


TPR^d^*^^ • ^'^ ^t^i — '^^^^ " — ■ 


QftOR — 


, — r~- 

metailo-beta-lactamas© superfamily protGin 


QOQO 


tRNA delta(2)-isopentenylpi^phosphate transferase (miaA) 


QQn? 




— QQn/t 


gycerop P'J '^^^^'^P^ p^'^ ° '^^""^^^ 

P ' 





IS3-Spn1, transposase 


°° 


transposase OrfAB, subunit B (orfB) 








reverse ranscrip ase ^ 


— ooTe — 


inteQrase, phacie family (int) 




transcription regulator 






— 9926 


structural en for ultraviolet resistance (uvra) 


QQVi — 


-— - : — r-j- — p 


QQop 


bortV T fectf Tb^terio"ha' e ^^"noeprotein (abiEh 


— 9944 


Kbo ' mal^ ^rot°in L7A.12°(rDlU^ ^ ^" — ^ 


— OQ/ia 


ri ntci ATP b ndi — s bun t CI X (el X) 


— QQ^n — 


H h rtr^^tl ^ ri rt ffrilA^' ' ' 

di ydrofolate reductase ( J 


— QQ52 




— 9954 


transcriptional r ulator MarR famil 


QQCiQ 


ranscnp ona regu a or, — ar^ amiy 


QQfiO 


PTS system^fmctosespec^ components (fruAl) ' 


— 9962 


lactose ptiosphotransferase system repressor (lacR) 




choline binding protein D (cbpD) 


— 9968 — 




— QQTn — 


ribosomal large subi^it ps&udouridine synthase D (rluD) 


— 9972 


thiamine biosynthesis protein Thil (thil) 


9974 


3-dehydroQuinate dehydratase, type 1 (aroD) 


9976 


iron compound ABC transporter, ATP-binding protein (fepC) 






— 9982 


glyrosyUransfe^^^ protein 


9984 


Cps9H 


9988 


4-diphosphocytidyl-2C-methyl-D-erythritol synthase (ispD) 


9990 


licDI protein (licDI) 


9996 


large conductance mechanosensitive channel protein (mscL) 


10000 


maltose ABC transporter, maltose-binding protein 


10004 


nucleotide sugar synthetase-like protein 


10006 


transcriptional regulator 


10008 


oxidoreductase, aldo/keto reductase family 


10010 


NAD(P)H-flavin oxidoreductase 
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10018 


gTp bind'in"^ rotein^Era (era) 




e tidrmethiQnine"sulfoxid'e reductase (msrA) 




^e'^tide ABC 'trans orter ATP^bindin^ protein 




'^^^tid^ ABC ATP b' d' ^ rot in famiE) 




peptide ABC transporter peptide^tMnding p^otefrT' 




transposase, 1S30 family 




transcriptional regulator, LysR family 




spo anii y pro em ( s ) — — 


^° ^ 






mers cifi%"h ^dr a id deh d e family roteinfserA) 




c^ltr^'^sf^a's'^ GNATfaml' — ^ ^ rogenase ami y pro em (ser ; 




^ h^" ^-^ ^' • — t f — — } — rn 




t^h mid "ate'kina^e'ltmio"^ ^^^^^ 




bra"chied ch Tn ^mino a Id ABC trans' orter ermease protein (livH) 




p — ~H — TrT" — t 1 — if h -t'ri 'pi Cm — 

epen en — pjro ease, pro eoy csu uni P P > . _ — _ 


rrr- 






urgacil p osphoribosyltrans erase (^PP) 

po ssium up a e pro em, r ami y ( ) 




g u ama e racemase ^mur ) 




mem rane protein ^ 




HD domam protein 


^^^^^ 


Acylphosphatase 




spoil amily pro — 




acety rans erase, — am y 




Olucose-inhibited division protem B (pidB) 




potassium uptake protein, Trk family 




_ anspo er, permease pro em 




isoc onsma ase ami y pro ein — . 




iialoacid dehaloQenase-lil<e hydrolase superfamily 




membrane protein _ — 








CBsT" • — "/^rn' Q/Q"^®*"^^' — su uni (ga ) 


— ^n-inn 


r— : \ rT~7 — m\ 

transcriptional regulator (codY) 


"imn? ' 


universal stress Prot®"" family 








oxtdo e'^ductase iT /k d ctase 2 famii 




OX! ore u as a o e o r^ u as — nQij; _ 




eiTviu lea '^^Ab'c ^A^ b n't OivrA) — ~ 




m^^' ne^ kimlra — ' rt T C "rA famll (corA) 




thbredoxin'(trx)"^'^° — ^"^'^ 




— M — \ ■ 1 — 




DNA da^' e'^ndu""'ble'"rot in P (dinP) 




formate aTet^ltransferaseT fl')" — ^ 




tr*^"^ c^pti ^ '^1 '^^"^^[^^^^'^ ^ — r- 




ans np ona regu a or. rp 




ribosomal- rotein alaninT acetvltransferase (riml) 




hydrolase"'^'^" ^'""^ ^"'"^ ^ 


10144 


D-alanine-activatinq enzyme (dItA) 




carbotiydrate Idnase, FGGY family 


10150 


transaldolase 


10160 


Helix-tum-helix domain protein 


10164 


single-strand binding protein (ssb) 


10166 


type II DNA modification methvltransferase Spn5252IP (spn5252ll\f1P) 


10174 


integrase, phage family 


10178 


Cyclic nucleotide-bindinq domain protein 


10180 


transcriptional regulator. MarR family 


10182 


prolyl-tRNA synthetase (proS) 


10184 


leucine-rich protein 


10186 


lacX protein, truncation (lacX) 
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10190 


galactose-6-phosphatG isomGrass, LacB subunit (lacB) 


10192 






HtsWirr^nase DNA qvrase B- phvtochrome-like ATPase domain protei 




ABC transporter ' ATP Mndtnq protein 




PTS system, IIABC components (ptsG) 








Uncharacterized ACR, COG2161 subfamily 




abortive phage resistance protein 








aret [transferase GNATfamil 




A^C^tr^nT orter^domain rotein 




— — 7 [| — — — — 




branched^ctoin a^no^add transpor^~rot^^c7^ methyltrans erase ( 




DNA^bhdin ^res^on e r^' { ^ 




-j "i tRNA — thetas — 




NupC family protein 




transcriptional regulator, GntR family 








9 yoxa ase ami y pro e n — ^ ■ 

— naeo o uc ' 6~ 'P a e re uctase (n — ) 





competence-induced protein Ccs4 




rompetence/damage-induclble protein CinA (cinA) 




hma" ""^^ ^"'"^^^"^"^^^^^ j;^^/^ 




misma c repair pro em exB (hexB) 




arqinine repressor (arfiR) 








aspartyl'tlRNAsyrth^a^^^ 




histidyl-tRNA synthetase (hisS) 




A^^O nAT i^in 
A^^rx PAI OIP 




hydrolase^lpha/bete hydrolase fold family 








Glue s Inh'bited divis' oteinAf 'dA^ 

— — — — — — : «K o — 't. , 1 , —. — -J — n> 




tRNA (5-methvlaminometnvi-2-thiounuvlate)-metny [transferase (trmU) 








chro"mosomal^re^to^ DnaA (dnaA) 




peptidvl-tRNA hydrolase iptl-0 — " — — 




phosphotyrosine protein phosphatase 




n'bosomai protein L36 (rpmJ) 




ribosomal protein S13/S18 (rpsM) 








litos^T^fprotein^l^^rpmB^^ 




RNA polymerase sigma-70 factor, ECF subfamily 








AteA/ElaC^famir'^rotein 




cyMine/deox'ycytidylate"deaminase family protein 


10394 


phosphorylase, Pnp/Udp family 


10396 


transcriptional regulator, MerR family 


10402 


methyltransferase (ubiE) 






10416 


yImG protein (yimG) 




transposase OrfAB, subunit B 


10446 


IS1 50-like transposase 


10452 


Bacterial requlaton/ proteins, tetR family domain protein 


10454 


cell wall surface anchor family protein, authentic frameshift (clfB) 


10456 


transposase OrfAB, subunit A (orfA) 


10460 


chaperonin, 33 kDa (hsIO) 


10472 


(3R)-hvdroxymyristovl-(acvl-carrier-protein) dehydratase (fabZ) 


10482 


sprT protein 


10490 


transcriptional regulator. MarR family 
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transcriptional r^ulator q, p , . p.. ■ 








ribonucleoskte diphosp^hate subunit taincation (nrdD) 


10538 


LPXTG-motif cell wall anchor domain 






- -^Qg^ 


arsenatTreductase (arsC) 




^rans"oLTe "authentic frameshift 




trans'^osSe'orfAB^subunit^^ 




T ROR-y r-lrfQ 1^' 

" - ' P 








t s'^"ti' '^^"^'^"^1^^^ r. 




ribos^mar"^t '•pTssT' ml^ — 








Mu'tT/nudi 'famH rotein 




re otein'trar^locase^Se G s b nit 

- , ° — ransocase — _ _ 




n soma Pi"" '^'^ (rps ) ^ ___ — 




sing e-stran "^3 pro ein (ssb) 




gycera eye -p osp a e e y rogenase (gap) 








rtoo^ma" ^r°te^^S7"f 




phosphinotnricin N- acGtvliransf©ras© (pat) 




nrdl protein (nrdi) 




accessory gen© r©9ulator prot©in C (blpl~t) 




rhodanese family protein (pspE) 




cAMP factor 




competence/damage-inducibi© protein CinA (cinA) 




transcriptional reQulator, ArgR family (argR) 




Flip family family — 




peptide ABC transporter, peptide-blndinQ protein 




ribosomal protein S21 (rpsU) 




ansposase, am y 


-■ --g 


'St^t!? — precursor, in es ina ^ — — _ ; 




SV40-transformed markGr protein pG1 -related protein 




^V4nT^"?'^'^^d '^^'^^^ protein pGlyreiated protein 








SV40 tr"V^'^^d "^^'^1-^'^ pro ein p -re a e pro em 




'^MAn-l^'^^i'™^ d ^^''^^ Pro^j" ^ ^^^^^\^^^ 




SV40 tr^" V^m^d "^^^^^ pro em pGI-re ated protein 


^g 


SV40 tr^n^frmed "^^^ P""" ein ^ '^^^ pro ein 

rans orm — mar er pro e n p — nrea — pro_!n 


^g g 


ranscnp lona ""^S"^ r — 








ela/^°'rotein'^° ^ 


^gg^g 


5-form'^°tetrah drofolate c clo-li ase famil — rotein 


^gggg 


inositol^rtfono ^hos hatase^famil^^^rotein' ^ 

1 osio monop osp a ase amiyproeip 


g 




^gg^^ 


Hollida^'^unGtion mA'telicasTRuvBTruv '"^ 


■Jgg^g 


D-alanym"alarii'ne carboxypeptidase (dacA) ' 


10948 


lipoprotein (bmpD) 


10950 


peptidase, U32 family family 


10952 


protease maturation protein 


10954 


glutamyl-tRNA synthetase (gIfX) 


10956 


GTP-binding protein LepA (lepA) 


10960 


translation initiation factor if-2 


10962 


phosphoenolpyruvate carboxylase (ppc) 


10964 


calcium E1-E2-type ATPase 


10966 


serine protease, subtllase family 
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CLAIMS 

1. Aprotemcanpismganaminoaddsequet^ 10, 12, 14, 16, 18, 

20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 
84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 
5 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 
184, 186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210, 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 
232, 234, 236, 238, 240, 242, 244, 246, 248, 250, 252, 254, 256, 258, 260, 262, 264, 266, 268, 270, 272, 274, 276, 278, 
280, 282, 284, 286, 288, 290, 292, 294, 296, 298, 300, 302, 304, 306, 308, 310, 312, 314, 316, 318, 320, 322, 324, 326, 
328, 330, 332, 334, 336, 338, 340, 342, 344, 346, 348, 350, 352, 354, 356, 358, 360, 362, 364, 366, 368, 370, 372, 374, 

10 376, 378, 380, 382, 384, 386, 388, 390, 392, 394, 396, 398, 400, 402, 404, 406, 408, 410, 412, 414, 416, 418, 420, 422, 
424, 426, 428, 430, 432, 434, 436, 438, 440, 442, 444, 446, 448, 450, 452, 454, 456, 458, 460, 462, 464, 466, 468, 470, 
472, 474, 476, 478, 480, 482, 484, 486, 488, 490, 492, 494, 496, 498, 500, 502, 504, 506, 508, 510, 512, 514, 516, 518, 
520, 522, 524, 526, 528, 530, 532, 534, 536, 538, 540, 542, 544, 546, 548, 550, 552, 554, 556, 558, 560, 562, 564, 566, 
568, 570, 572, 574, 576, 578, 580, 582, 584, 586, 588, 590, 592, 594, 596, 598, 600, 602, 604, 606, 608, 610, 612, 614, 

15 616, 618, 620, 622, 624, 626, 628, 630, 632, 634, 636, 638, 640, 642, 644, 646, 648, 650, 652, 654, 656, 658, 660, 662, 
664, 666, 668, 670, 672, 674, 676, 678, 680, 682, 684, 686, 688, 690, 692, 694, 696, 698, 700, 702, 704, 706, 708, 710, 
712, 714, 716, 718, 720, 722, 724, 726, 728, 730, 732, 734, 736, 738, 740, 742, 744, 746, 748, 750, 752, 754, 756, 758, 
760, 762, 764, 766, 768, 770, 772, 774, 776, 778, 780, 782, 784, 786, 788, 790, 792, 794, 796, 798, 800, 802, 804, 806, 
808, 810, 812, 814, 816, 818, 820, 822, 824, 826, 828, 830, 832, 834, 836, 838, 840, 842, 844, 846, 848, 850, 852, 854, 

20 856, 858, 860, 862, 864, 866, 868, 870, 872, 874, 876, 878, 880, 882, 884, 886, 888, 890, 892, 894, 896, 898, 900, 902, 
904, 906, 908, 910, 912, 914, 916, 918, 920, 922, 924, 926, 928, 930, 932, 934, 936, 938, 940, 942, 944, 946, 948, 950, 
952, 954, 956, 958, 960, 962, 964, 966, 968, 970, 972, 974, 976, 978, 980, 982, 984, 986, 988, 990, 992, 994, 996, 998, 



1000, 


1002, 


1004, 


1006, 1008, 


1010, 


1012, 


1014, 1016, 


1018, 


1020, 1022, 


1024, 


1026, 


1028, 1030, 


1032, 


1034, 


1036, 


1038, 


1040, 


1042, 


1044, 1046, 


1048, 


1050, 


1052, 1054, 


1056, 


1058, 1060, 


1062, 


1064, 


1066, 1068, 


1070, 


1072, 


1074, 


1076, 


1078, 


1080, 


1082, 1084, 


1086, 


1088, 


1090, 1092, 


1094, 


1096, 1098, 


1100, 


1102, 


1104, 1106, 


1108, 


1110, 


1112, 


1114, 


1116, 


1118, 


1120, 1122, 


1124, 


1126, 


1128, 1130, 


1132, 


1134, 1136, 


1138, 


1140, 


1142, 1144, 


1146, 


1148, 


1150, 


1152, 


1154, 


1156, 


1158, 1160, 


1162, 


1164, 


1166, 1168, 


1170, 


1172, 1174, 


1176, 


1178, 


1180, 1182, 


1184, 


1186, 


1188, 


1190, 


1192, 


1194, 


1196, 1198, 


1200, 


1202, 


1204, 1206, 


1208, 


1210, 1212, 


1214, 


1216, 


1218, 1220, 


1222, 


1224, 


1226, 


1228, 


1230, 


1232, 


1234, 1236, 


1238, 


1240, 


1242, 1244, 


1246, 


1248, 1250, 


1252, 


1254, 


1256, 1258, 


1260, 


1262, 


1264, 


1266, 


1268, 


1270, 


1272, 1274, 


1276, 


1278, 


1280, 1282, 


1284, 


1286, 1288, 


1290, 


1292, 


1294, 1296, 


1298, 


1300, 


1302, 


1304, 


1306, 


1308, 


1310, 1312, 


1314, 


1316, 


1318, 1320, 


1322, 


1324, 1326, 


1328, 


1330, 


1332, 1334, 


1336, 


1338, 


1340, 


1342, 


1344, 


1346, 


1348, 1350, 


1352, 


1354, 


1356, 1358, 


1360, 


1362, 1364, 


1366, 


1368, 


1370, 1372, 


1374, 


1376, 


1378, 


1380, 


1382, 


1384, 


1386, 1388, 


1390, 


1392, 


1394, 1396, 


1398, 


1400, 1402, 


1404, 


1406, 


1408, 1410, 


1412, 


1414, 


1416, 


1418, 


1420, 


1422, 


1424, 1426, 


1428, 


1430, 


1432, 1434, 


1436, 


1438, 1440, 


1442, 


1444, 


1446, 1448, 


1450, 


1452, 


1454, 


1456, 


1458, 


1460, 


1462, 1464, 


1466, 


1468, 


1470, 1472, 


1474, 


1476, 1478, 


1480, 


1482, 


1484, 1486, 


1488, 


1490, 


1492, 


1494, 


1496, 


1498, 


1500, 1502, 


1504, 


1506, 


1508, 1510, 


1512, 


1514, 1516, 


1518, 


1520, 


1522, 1524, 


1526, 


1528, 


1530, 


1532, 


1534, 


1536, 


1538, 1540, 


1542, 


1544, 


1546, 1548, 


1550, 


1552, 1554, 


1556, 


1558, 


1560, 1562, 


1564, 


1566, 


1568, 


1570, 


1572, 


1574, 


1576, 1578, 


1580, 


1582, 


1584, 1586, 


1588, 


1590, 1592, 


1594, 


1596, 


1598, 1600, 


1602, 


1604, 


1606, 


1608, 


1610, 


1612, 


1614, 1616, 


1618, 


1620, 


1622, 1624, 


1626, 


1628, 1630, 


1632, 


1634, 


1636, 1638, 


1640, 


1642, 


1644, 


1646, 


1648, 


1650, 


1652, 1654, 


1656, 


1658, 


1660, 1662, 


1664, 


1666, 1668, 


1670, 


1672, 


1674, 1676, 


1678, 


1680, 


1682, 


1684, 


1686, 


1688, 


1690, 1692, 


1694, 


1696, 


1698, 1700, 


1702, 


1704, 1706, 


1708, 


1710, 


1712, 1714, 


1716, 


1718, 


1720, 
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1722, 1724, 1726, 1728, 1730, 1732, 1734, 1736, 1738, 1740, 1742, 1744, 1746, 1748, 1750, 1752, 1754, 1756, 1758, 
1760, 1762, 1764, 1766, 1768, 1770, 1772, 1774, 1776, 1778, 1780, 1782, 1784, 1786, 1788, 1790, 1792, 1794, 1796, 
1798, 1800, 1802, 1804, 1806, 1808, 1810, 1812, 1814, 1816, 1818, 1820, 1822, 1824, 1826, 1828, 1830, 1832, 1834, 
1836, 1838, 1840, 1842, 1844, 1846, 1848, 1850, 1852, 1854, 1856, 1858, 1860, 1862, 1864, 1866, 1868, 1870, 1872, 
5 1874, 1876, 1878, 1880, 1882, 1884, 1886, 1888, 1890, 1892, 1894, 1896, 1898, 1900, 1902, 1904, 1906, 1908, 1910, 
1912, 1914, 1916, 1918, 1920, 1922, 1924, 1926, 1928, 1930, 1932, 1934, 1936, 1938, 1940, 1942, 1944, 1946, 1948, 
1950, 1952, 1954, 1956, 1958, 1960, 1962, 1964, 1966, 1968, 1970, 1972, 1974, 1976, 1978, 1980, 1982, 1984, 1986, 
1988, 1990, 1992, 1994, 1996, 1998, 2000, 2002, 2004, 2006, 2008, 2010, 2012, 2014, 2016, 2018, 2020, 2022, 2024, 
2026, 2028, 2030, 2032, 2034, 2036, 2038, 2040, 2042, 2044, 2046, 2048, 2050, 2052, 2054, 2056, 2058, 2060, 2062, 

10 2064, 2066, 2068, 2070, 2072, 2074, 2076, 2078, 2080, 2082, 2084, 2086, 2088, 2090, 2092, 2094, 2096, 2098, 2100, 
2102, 2104, 2106, 2108, 2110, 2112, 2114, 2116, 2118, 2120, 2122, 2124, 2126, 2128, 2130, 2132, 2134, 2136, 2138, 
2140, 2142, 2144, 2146, 2148, 2150, 2152, 2154, 2156, 2158, 2160, 2162, 2164, 2166, 2168, 2170, 2172, 2174, 2176, 
2178, 2180, 2182, 2184, 2186, 2188, 2190, 2192, 2194, 2196, 2198, 2200, 2202, 2204, 2206, 2208, 2210, 2212, 2214, 
2216, 2218, 2220, 2222, 2224, 2226, 2228, 2230, 2232, 2234, 2236, 2238, 2240, 2242, 2244, 2246, 2248, 2250, 2252, 

15 2254, 2256, 2258, 2260, 2262, 2264, 2266, 2268, 2270, 2272, 2274, 2276, 2278, 2280, 2282, 2284, 2286, 2288, 2290, 
2292, 2294, 2296, 2298, 2300, 2302, 2304, 2306, 2308, 2310, 2312, 2314, 2316, 2318, 2320, 2322, 2324, 2326, 2328, 
2330, 2332, 2334, 2336, 2338, 2340, 2342, 2344, 2346, 2348, 2350, 2352, 2354, 2356, 2358, 2360, 2362, 2364, 2366, 
2368, 2370, 2372, 2374, 2376, 2378, 2380, 2382, 2384, 2386, 2388, 2390, 2392, 2394, 2396, 2398, 2400, 2402, 2404, 
2406, 2408, 2410, 2412, 2414, 2416, 2418, 2420, 2422, 2424, 2426, 2428, 2430, 2432, 2434, 2436, 2438, 2440, 2442, 

20 2444, 2446, 2448, 2450, 2452, 2454, 2456, 2458, 2460, 2462, 2464, 2466, 2468, 2470, 2472, 2474, 2476, 2478, 2480, 
2482, 2484, 2486, 2488, 2490, 2492, 2494, 2496, 2498, 2500, 2502, 2504, 2506, 2508, 2510, 2512, 2514, 2516, 2518, 
2520, 2522, 2524, 2526, 2528, 2530, 2532, 2534, 2536, 2538, 2540, 2542, 2544, 2546, 2548, 2550, 2552, 2554, 2556, 
2558, 2560, 2562, 2564, 2566, 2568, 2570, 2572, 2574, 2576, 2578, 2580, 2582, 2584, 2586, 2588, 2590, 2592, 2594, 
2596, 2598, 2600, 2602, 2604, 2606, 2608, 2610, 2612, 2614, 2616, 2618, 2620, 2622, 2624, 2626, 2628, 2630, 2632, 

25 2634, 2636, 2638, 2640, 2642, 2644, 2646, 2648, 2650, 2652, 2654, 2656, 2658, 2660, 2662, 2664, 2666, 2668, 2670, 
2672, 2674, 2676, 2678, 2680, 2682, 2684, 2686, 2688, 2690, 2692, 2694, 2696, 2698, 2700, 2702, 2704, 2706, 2708, 
2710, 2712, 2714, 2716, 2718, 2720, 2722, 2724, 2726, 2728, 2730, 2732, 2734, 2736, 2738, 2740, 2742, 2744, 2746, 
2748, 2750, 2752, 2754, 2756, 2758, 2760, 2762, 2764, 2766, 2768, 2770, 2772, 2774, 2776, 2778, 2780, 2782, 2784, 
2786, 2788, 2790, 2792, 2794, 2796, 2798, 2800, 2802, 2804, 2806, 2808, 2810, 2812, 2814, 2816, 2818, 2820, 2822, 

30 2824, 2826, 2828, 2830, 2832, 2834, 2836, 2838, 2840, 2842, 2844, 2846, 2848, 2850, 2852, 2854, 2856, 2858, 2860, 
2862, 2864, 2866, 2868, 2870, 2872, 2874, 2876, 2878, 2880, 2882, 2884, 2886, 2888, 2890, 2892, 2894, 2896, 2898, 
2900, 2902, 2904, 2906, 2908, 2910, 2912, 2914, 2916, 2918, 2920, 2922, 2924, 2926, 2928, 2930, 2932, 2934, 2936, 
2938, 2940, 2942, 2944, 2946, 2948, 2950, 2952, 2954, 2956, 2958, 2960, 2962, 2964, 2966, 2968, 2970, 2972, 2974, 
2976, 2978, 2980, 2982, 2984, 2986, 2988, 2990, 2992, 2994, 2996, 2998, 3000, 3002, 3004, 3006, 3008, 3010, 3012, 

35 3014, 3016, 3018, 3020, 3022, 3024, 3026, 3028, 3030, 3032, 3034, 3036, 3038, 3040, 3042, 3044, 3046, 3048, 3050, 
3052, 3054, 3056, 3058, 3060, 3062, 3064, 3066, 3068, 3070, 3072, 3074, 3076, 3078, 3080, 3082, 3084, 3086, 3088, 
3090, 3092, 3094, 3096, 3098, 3100, 3102, 3104, 3106, 3108, 3110, 3112, 3114, 3116, 3118, 3120, 3122, 3124, 3126, 
3128, 3130, 3132, 3134, 3136, 3138, 3140, 3142, 3144, 3146, 3148, 3150, 3152, 3154, 3156, 3158, 3160, 3162, 3164, 
3166, 3168, 3170, 3172, 3174, 3176, 3178, 3180, 3182, 3184, 3186, 3188, 3190, 3192, 3194, 3196, 3198, 3200, 3202, 

40 3204, 3206, 3208, 3210, 3212, 3214, 3216, 3218, 3220, 3222, 3224, 3226, 3228, 3230, 3232, 3234, 3236, 3238, 3240, 
3242, 3244, 3246, 3248, 3250, 3252, 3254, 3256, 3258, 3260, 3262, 3264, 3266, 3268, 3270, 3272, 3274, 3276, 3278, 
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3280, 3282, 3284, 3286, 3288, 3290, 3292, 3294, 3296, 3298, 3300, 3302, 3304, 3306, 3308, 3310, 3312, 3314, 3316, 
3318, 3320, 3322, 3324, 3326, 3328, 3330, 3332, 3334, 3336, 3338, 3340, 3342, 3344, 3346, 3348, 3350, 3352, 3354, 
3356, 3358, 3360, 3362, 3364, 3366, 3368, 3370, 3372, 3374, 3376, 3378, 3380, 3382, 3384, 3386, 3388, 3390, 3392, 
3394, 3396, 3398, 3400, 3402, 3404, 3406, 3408, 3410, 3412, 3414, 3416, 3418, 3420, 3422, 3424, 3426, 3428, 3430, 
5 3432, 3434, 3436, 3438, 3440, 3442, 3444, 3446, 3448, 3450, 3452, 3454, 3456, 3458, 3460, 3462, 3464, 3466, 3468, 
3470, 3472, 3474, 3476, 3478, 3480, 3482, 3484, 3486, 3488, 3490, 3492, 3494, 3496, 3498, 3500, 3502, 3504, 3506, 
3508, 3510, 3512, 3514, 3516, 3518, 3520, 3522, 3524, 3526, 3528, 3530, 3532, 3534, 3536, 3538, 3540, 3542, 3544, 
3546, 3548, 3550, 3552, 3554, 3556, 3558, 3560, 3562, 3564, 3566, 3568, 3570, 3572, 3574, 3576, 3578, 3580, 3582, 
3584, 3586, 3588, 3590, 3592, 3594, 3596, 3598, 3600, 3602, 3604, 3606, 3608, 3610, 3612, 3614, 3616, 3618, 3620, 

10 3622, 3624, 3626, 3628, 3630, 3632, 3634, 3636, 3638, 3640, 3642, 3644, 3646, 3648, 3650, 3652, 3654, 3656, 3658, 
3660, 3662, 3664, 3666, 3668, 3670, 3672, 3674, 3676, 3678, 3680, 3682, 3684, 3686, 3688, 3690, 3692, 3694, 3696, 
3698, 3700, 3702, 3704, 3706, 3708, 3710, 3712, 3714, 3716, 3718, 3720, 3722, 3724, 3726, 3728, 3730, 3732, 3734, 
3736, 3738, 3740, 3742, 3744, 3746, 3748, 3750, 3752, 3754, 3756, 3758, 3760, 3762, 3764, 3766, 3768, 3770, 3772, 
3774, 3776, 3778, 3780, 3782, 3784, 3786, 3788, 3790, 3792, 3794, 3796, 3798, 3800, 3802, 3804, 3806, 3808, 3810, 

15 3812, 3814, 3816, 3818, 3820, 3822, 3824, 3826, 3828, 3830, 3832, 3834, 3836, 3838, 3840, 3842, 3844, 3846, 3848, 
3850, 3852, 3854, 3856, 3858, 3860, 3862, 3864, 3866, 3868, 3870, 3872, 3874, 3876, 3878, 3880, 3882, 3884, 3886, 
3888, 3890, 3892, 3894, 3896, 3898, 3900, 3902, 3904, 3906, 3908, 3910, 3912, 3914, 3916, 3918, 3920, 3922, 3924, 
3926, 3928, 3930, 3932, 3934, 3936, 3938, 3940, 3942, 3944, 3946, 3948, 3950, 3952, 3954, 3956, 3958, 3960, 3962, 
3964, 3966, 3968, 3970, 3972, 3974, 3976, 3978, 3980, 3982, 3984, 3986, 3988, 3990, 3992, 3994, 3996, 3998, 4000, 

20 4002, 4004, 4006, 4008, 4010, 4012, 4014, 4016, 4018, 4020, 4022, 4024, 4026, 4028, 4030, 4032, 4034, 4036, 4038, 
4040, 4042, 4044, 4046, 4048, 4050, 4052, 4054, 4056, 4058, 4060, 4062, 4064, 4066, 4068, 4070, 4072, 4074, 4076, 
4078, 4080, 4082, 4084, 4086, 4088, 4090, 4092, 4094, 4096, 4098, 4100, 4102, 4104, 4106, 4108, 4110, 4112, 4114, 
4116, 4118, 4120, 4122, 4124, 4126, 4128, 4130, 4132, 4134, 4136, 4138, 4140, 4142, 4144, 4146, 4148, 4150, 4152, 
4154, 4156, 4158, 4160, 4162, 4164, 4166, 4168, 4170, 4172, 4174, 4176, 4178, 4180, 4182, 4184, 4186, 4188, 4190, 

25 4192, 4194, 4196, 4198, 4200, 4202, 4204, 4206, 4208, 4210, 4212, 4214, 4216, 4218, 4220, 4222, 4224, 4226, 4228, 
4230, 4232, 4234, 4236, 4238, 4240, 4242, 4244, 4246, 4248, 4250, 4252, 4254, 4256, 4258, 4260, 4262, 4264, 4266, 
4268, 4270, 4272, 4274, 4276, 4278, 4280, 4282, 4284, 4286, 4288, 4290, 4292, 4294, 4296, 4298, 4300, 4302, 4304, 
4306, 4308, 4310, 4312, 4314, 4316, 4318, 4320, 4322, 4324, 4326, 4328, 4330, 4332, 4334, 4336, 4338, 4340, 4342, 
4344, 4346, 4348, 4350, 4352, 4354, 4356, 4358, 4360, 4362, 4364, 4366, 4368, 4370, 4372, 4374, 4376, 4378, 4380, 

30 4382, 4384, 4386, 4388, 4390, 4392, 4394, 4396, 4398, 4400, 4402, 4404, 4406, 4408, 4410, 4412, 4414, 4416, 4418, 
4420, 4422, 4424, 4426, 4428, 4430, 4432, 4434, 4436, 4438, 4440, 4442, 4444, 4446, 4448, 4450, 4452, 4454, 4456, 
4458, 4460, 4462, 4464, 4466, 4468, 4470, 4472, 4474, 4476, 4478, 4480, 4482, 4484, 4486, 4488, 4490, 4492, 4494, 
4496, 4498, 4500, 4502, 4504, 4506, 4508, 4510, 4512, 4514, 4516, 4518, 4520, 4522, 4524, 4526, 4528, 4530, 4532, 
4534, 4536, 4538, 4540, 4542, 4544, 4546, 4548, 4550, 4552, 4554, 4556, 4558, 4560, 4562, 4564, 4566, 4568, 4570, 

35 4572, 4574, 4576, 4578, 4580, 4582, 4584, 4586, 4588, 4590, 4592, 4594, 4596, 4598, 4600, 4602, 4604, 4606, 4608, 
4610, 4612, 4614, 4616, 4618, 4620, 4622, 4624, 4626, 4628, 4630, 4632, 4634, 4636, 4638, 4640, 4642, 4644, 4646, 
4648, 4650, 4652, 4654, 4656, 4658, 4660, 4662, 4664, 4666, 4668, 4670, 4672, 4674, 4676, 4678, 4680, 4682, 4684, 
4686, 4688, 4690, 4692, 4694, 4696, 4698, 4700, 4702, 4704, 4706, 4708, 4710, 4712, 4714, 4716, 4718, 4720, 4722, 
4724, 4726, 4728, 4730, 4732, 4734, 4736, 4738, 4740, 4742, 4744, 4746, 4748, 4750, 4752, 4754, 4756, 4758, 4760, 

40 4762, 4764, 4766, 4768, 4770, 4772, 4774, 4776, 4778, 4780, 4782, 4784, 4786, 4788, 4790, 4792, 4794, 4796, 4798, 
4800, 4802, 4804, 4806, 4808, 4810, 4812, 4814, 4816, 4818, 4820, 4822, 4824, 4826, 4828, 4830, 4832, 4834, 4836, 
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4838, 4840, 4842, 4844, 4846, 4848, 4850, 4852, 4854, 4856, 4858, 4860, 4862, 4864, 4866, 4868, 4870, 4872, 4874, 
4876, 4878, 4880, 4882, 4884, 4886, 4888, 4890, 4892, 4894, 4896, 4898, 4900, 4902, 4904, 4906, 4908, 4910, 4912, 
4914, 4916, 4918, 4920, 4922, 4924, 4926, 4928, 4930, 4932, 4934, 4936, 4938, 4940, 4942, 4944, 4946, 4948, 4950, 
4952, 4954, 4956, 4958, 4960, 4962, 4964, 4966, 4968, 4970, 4972, 4974, 4976, 4978, 4980, 4982, 4984, 4986, 4988, 
5 4990, 4992, 4994, 4996, 4998, 5000, 5002, 5004, 5006, 5008, 5010, 5012, 5014, 5016, 5018, 5020, 5022, 5024, 5026, 
5028, 5030, 5032, 5034, 5036, 5038, 5040, 5042, 5044, 5046, 5048, 5050, 5052, 5054, 5056, 5058, 5060, 5062, 5064, 
5066, 5068, 5070, 5072, 5074, 5076, 5078, 5080, 5082, 5084, 5086, 5088, 5090, 5092, 5094, 5096, 5098, 5100, 5102, 
5104, 5106, 5108, 5110, 5112, 5114, 5116, 5118, 5120, 5122, 5124, 5126, 5128, 5130, 5132, 5134, 5136, 5138, 5140, 
5142, 5144, 5146, 5148, 5150, 5152, 5154, 5156, 5158, 5160, 5162, 5164, 5166, 5168, 5170, 5172, 5174, 5176, 5178, 

10 5180, 5182, 5184, 5186, 5188, 5190, 5192, 5194, 5196, 5198, 5200, 5202, 5204, 5206, 5208, 5210, 5212, 5214, 5216, 
5218, 5220, 5222, 5224, 5226, 5228, 5230, 5232, 5234, 5236, 5238, 5240, 5242, 5244, 5246, 5248, 5250, 5252, 5254, 
5256, 5258, 5260, 5262, 5264, 5266, 5268, 5270, 5272, 5274, 5276, 5278, 5280, 5282, 5284, 5286, 5288, 5290, 5292, 
5294, 5296, 5298, 5300, 5302, 5304, 5306, 5308, 5310, 5312, 5314, 5316, 5318, 5320, 5322, 5324, 5326, 5328, 5330, 
5332, 5334, 5336, 5338, 5340, 5342, 5344, 5346, 5348, 5350, 5352, 5354, 5356, 5358, 5360, 5362, 5364, 5366, 5368, 

1 5 5370, 5372, 5374, 5376, 5378, 5380, 5382, 5384, 5386, 5388, 5390, 5392, 5394, 5396, 5398, 5400, 5402, 5404, 5406, 
5408, 5410, 5412, 5414, 5416, 5418, 5420, 5422, 5424, 5426, 5428, 5430, 5432, 5434, 5436, 5438, 5440, 5442, 5444, 
5446, 5448, 5450, 5452, 5454, 5456, 5458, 5460, 5462, 5464, 5466, 5468, 5470, 5472, 5474, 5476, 5478, 5480, 5482, 
5484, 5486, 5488, 5490, 5492, 5494, 5496, 5498, 5500, 5502, 5504, 5506, 5508, 5510, 5512, 5514, 5516, 5518, 5520, 
5522, 5524, 5526, 5528, 5530, 5532, 5534, 5536, 5538, 5540, 5542, 5544, 5546, 5548, 5550, 5552, 5554, 5556, 5558, 

20 5560, 5562, 5564, 5566, 5568, 5570, 5572, 5574, 5576, 5578, 5580, 5582, 5584, 5586, 5588, 5590, 5592, 5594, 5596, 
5598, 5600, 5602, 5604, 5606, 5608, 5610, 5612, 5614, 5616, 5618, 5620, 5622, 5624, 5626, 5628, 5630, 5632, 5634, 
5636, 5638, 5640, 5642, 5644, 5646, 5648, 5650, 5652, 5654, 5656, 5658, 5660, 5662, 5664, 5666, 5668, 5670, 5672, 
5674, 5676, 5678, 5680, 5682, 5684, 5686, 5688, 5690, 5692, 5694, 5696, 5698, 5700, 5702, 5704, 5706, 5708, 5710, 
5712, 5714, 5716, 5718, 5720, 5722, 5724, 5726, 5728, 5730, 5732, 5734, 5736, 5738, 5740, 5742, 5744, 5746, 5748, 

25 5750, 5752, 5754, 5756, 5758, 5760, 5762, 5764, 5766, 5768, 5770, 5772, 5774, 5776, 5778, 5780, 5782, 5784, 5786, 
5788, 5790, 5792, 5794, 5796, 5798, 5800, 5802, 5804, 5806, 5808, 5810, 5812, 5814, 5816, 5818, 5820, 5822, 5824, 
5826, 5828, 5830, 5832, 5834, 5836, 5838, 5840, 5842, 5844, 5846, 5848, 5850, 5852, 5854, 5856, 5858, 5860, 5862, 
5864, 5866, 5868, 5870, 5872, 5874, 5876, 5878, 5880, 5882, 5884, 5886, 5888, 5890, 5892, 5894, 5896, 5898, 5900, 
5902, 5904, 5906, 5908, 5910, 5912, 5914, 5916, 5918, 5920, 5922, 5924, 5926, 5928, 5930, 5932, 5934, 5936, 5938, 

30 5940, 5942, 5944, 5946, 5948, 5950, 5952, 5954, 5956, 5958, 5960, 5962, 5964, 5966, 5968, 5970, 5972, 5974, 5976, 
5978, 5980, 5982, 5984, 5986, 5988, 5990, 5992, 5994, 5996, 5998, 6000, 6002, 6004, 6006, 6008, 6010, 6012, 6014, 
6016, 6018, 6020, 6022, 6024, 6026, 6028, 6030, 6032, 6034, 6036, 6038, 6040, 6042, 6044, 6046, 6048, 6050, 6052, 
6054, 6056, 6058, 6060, 6062, 6064, 6066, 6068, 6070, 6072, 6074, 6076, 6078, 6080, 6082, 6084, 6086, 6088, 6090, 
6092, 6094, 6096, 6098, 6100, 6102, 6104, 6106, 6108, 6110, 6112, 6114, 6116, 6118, 6120, 6122, 6124, 6126, 6128, 

35 6130, 6132, 6134, 6136, 6138, 6140, 6142, 6144, 6146, 6148, 6150, 6152, 6154, 6156, 6158, 6160, 6162, 6164, 6166, 
6168, 6170, 6172, 6174, 6176, 6178, 6180, 6182, 6184, 6186, 6188, 6190, 6192, 6194, 6196, 6198, 6200, 6202, 6204, 
6206, 6208, 6210, 6212, 6214, 6216, 6218, 6220, 6222, 6224, 6226, 6228, 6230, 6232, 6234, 6236, 6238, 6240, 6242, 
6244, 6246, 6248, 6250, 6252, 6254, 6256, 6258, 6260, 6262, 6264, 6266, 6268, 6270, 6272, 6274, 6276, 6278, 6280, 
6282, 6284, 6286, 6288, 6290, 6292, 6294, 6296, 6298, 6300, 6302, 6304, 6306, 6308, 6310, 6312, 6314, 6316, 6318, 

40 6320, 6322, 6324, 6326, 6328, 6330, 6332, 6334, 6336, 6338, 6340, 6342, 6344, 6346, 6348, 6350, 6352, 6354, 6356, 
6358, 6360, 6362, 6364, 6366, 6368, 6370, 6372, 6374, 6376, 6378, 6380, 6382, 6384, 6386, 6388, 6390, 6392, 6394, 
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6396, 6398, 6400, 6402, 6404, 6406, 6408, 6410, 6412, 6414, 6416, 6418, 6420, 6422, 6424, 6426, 6428, 6430, 6432, 
6434, 6436, 6438, 6440, 6442, 6444, 6446, 6448, 6450, 6452, 6454, 6456, 6458, 6460, 6462, 6464, 6466, 6468, 6470, 
6472, 6474, 6476, 6478, 6480, 6482, 6484, 6486, 6488, 6490, 6492, 6494, 6496, 6498, 6500, 6502, 6504, 6506, 6508, 
6510, 6512, 6514, 6516, 6518, 6520, 6522, 6524, 6526, 6528, 6530, 6532, 6534, 6536, 6538, 6540, 6542, 6544, 6546, 
5 6548, 6550, 6552, 6554, 6556, 6558, 6560, 6562, 6564, 6566, 6568, 6570, 6572, 6574, 6576, 6578, 6580, 6582, 6584, 
6586, 6588, 6590, 6592, 6594, 6596, 6598, 6600, 6602, 6604, 6606, 6608, 6610, 6612, 6614, 6616, 6618, 6620, 6622, 
6624, 6626, 6628, 6630, 6632, 6634, 6636, 6638, 6640, 6642, 6644, 6646, 6648, 6650, 6652, 6654, 6656, 6658, 6660, 
6662, 6664, 6666, 6668, 6670, 6672, 6674, 6676, 6678, 6680, 6682, 6684, 6686, 6688, 6690, 6692, 6694, 6696, 6698, 
6700, 6702, 6704, 6706, 6708, 6710, 6712, 6714, 6716, 6718, 6720, 6722, 6724, 6726, 6728, 6730, 6732, 6734, 6736, 

10 6738, 6740, 6742, 6744, 6746, 6748, 6750, 6752, 6754, 6756, 6758, 6760, 6762, 6764, 6766, 6768, 6770, 6772, 6774, 
6776, 6778, 6780, 6782, 6784, 6786, 6788, 6790, 6792, 6794, 6796, 6798, 6800, 6802, 6804, 6806, 6808, 6810, 6812, 
6814, 6816, 6818, 6820, 6822, 6824, 6826, 6828, 6830, 6832, 6834, 6836, 6838, 6840, 6842, 6844, 6846, 6848, 6850, 
6852, 6854, 6856, 6858, 6860, 6862, 6864, 6866, 6868, 6870, 6872, 6874, 6876, 6878, 6880, 6882, 6884, 6886, 6888, 
6890, 6892, 6894, 6896, 6898, 6900, 6902, 6904, 6906, 6908, 6910, 6912, 6914, 6916, 6918, 6920, 6922, 6924, 6926, 

15 6928, 6930, 6932, 6934, 6936, 6938, 6940, 6942, 6944, 6946, 6948, 6950, 6952, 6954, 6956, 6958, 6960, 6962, 6964, 
6966, 6968, 6970, 6972, 6974, 6976, 6978, 6980, 6982, 6984, 6986, 6988, 6990, 6992, 6994, 6996, 6998, 7000, 7002, 
7004, 7006, 7008, 7010, 7012, 7014, 7016, 7018, 7020, 7022, 7024, 7026, 7028, 7030, 7032, 7034, 7036, 7038, 7040, 
7042, 7044, 7046, 7048, 7050, 7052, 7054, 7056, 7058, 7060, 7062, 7064, 7066, 7068, 7070, 7072, 7074, 7076, 7078, 
7080, 7082, 7084, 7086, 7088, 7090, 7092, 7094, 7096, 7098, 7100, 7102, 7104, 7106, 7108, 7110, 7112, 7114, 7116, 

20 7118, 7120, 7122, 7124, 7126, 7128, 7130, 7132, 7134, 7136, 7138, 7140, 7142, 7144, 7146, 7148, 7150, 7152, 7154, 
7156, 7158, 7160, 7162, 7164, 7166, 7168, 7170, 7172, 7174, 7176, 7178, 7180, 7182, 7184, 7186, 7188, 7190, 7192, 
7194, 7196, 7198, 7200, 7202, 7204, 7206, 7208, 7210, 7212, 7214, 7216, 7218, 7220, 7222, 7224, 7226, 7228, 7230, 
7232, 7234, 7236, 7238, 7240, 7242, 7244, 7246, 7248, 7250, 7252, 7254, 7256, 7258, 7260, 7262, 7264, 7266, 7268, 
7270, 7272, 7274, 7276, 7278, 7280, 7282, 7284, 7286, 7288, 7290, 7292, 7294, 7296, 7298, 7300, 7302, 7304, 7306, 

25 7308, 7310, 7312, 7314, 7316, 7318, 7320, 7322, 7324, 7326, 7328, 7330, 7332, 7334, 7336, 7338, 7340, 7342, 7344, 
7346, 7348, 7350, 7352, 7354, 7356, 7358, 7360, 7362, 7364, 7366, 7368, 7370, 7372, 7374, 7376, 7378, 7380, 7382, 
7384, 7386, 7388, 7390, 7392, 7394, 7396, 7398, 7400, 7402, 7404, 7406, 7408, 7410, 7412, 7414, 7416, 7418, 7420, 
7422, 7424, 7426, 7428, 7430, 7432, 7434, 7436, 7438, 7440, 7442, 7444, 7446, 7448, 7450, 7452, 7454, 7456, 7458, 
7460, 7462, 7464, 7466, 7468, 7470, 7472, 7474, 7476, 7478, 7480, 7482, 7484, 7486, 7488, 7490, 7492, 7494, 7496, 

30 7498, 7500, 7502, 7504, 7506, 7508, 7510, 7512, 7514, 7516, 7518, 7520, 7522, 7524, 7526, 7528, 7530, 7532, 7534, 
7536, 7538, 7540, 7542, 7544, 7546, 7548, 7550, 7552, 7554, 7556, 7558, 7560, 7562, 7564, 7566, 7568, 7570, 7572, 
7574, 7576, 7578, 7580, 7582, 7584, 7586, 7588, 7590, 7592, 7594, 7596, 7598, 7600, 7602, 7604, 7606, 7608, 7610, 
7612, 7614, 7616, 7618, 7620, 7622, 7624, 7626, 7628, 7630, 7632, 7634, 7636, 7638, 7640, 7642, 7644, 7646, 7648, 
7650, 7652, 7654, 7656, 7658, 7660, 7662, 7664, 7666, 7668, 7670, 7672, 7674, 7676, 7678, 7680, 7682, 7684, 7686, 

35 7688, 7690, 7692, 7694, 7696, 7698, 7700, 7702, 7704, 7706, 7708, 7710, 7712, 7714, 7716, 7718, 7720, 7722, 7724, 
7726, 7728, 7730, 7732, 7734, 7736, 7738, 7740, 7742, 7744, 7746, 7748, 7750, 7752, 7754, 7756, 7758, 7760, 7762, 
7764, 7766, 7768, 7770, 7772, 7774, 7776, 7778, 7780, 7782, 7784, 7786, 7788, 7790, 7792, 7794, 7796, 7798, 7800, 
7802, 7804, 7806, 7808, 7810, 7812, 7814, 7816, 7818, 7820, 7822, 7824, 7826, 7828, 7830, 7832, 7834, 7836, 7838, 
7840, 7842, 7844, 7846, 7848, 7850, 7852, 7854, 7856, 7858, 7860, 7862, 7864, 7866, 7868, 7870, 7872, 7874, 7876, 

40 7878, 7880, 7882, 7884, 7886, 7888, 7890, 7892, 7894, 7896, 7898, 7900, 7902, 7904, 7906, 7908, 7910, 7912, 7914, 
7916, 7918, 7920, 7922, 7924, 7926, 7928, 7930, 7932, 7934, 7936, 7938, 7940, 7942, 7944, 7946, 7948, 7950, 7952, 
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7954, 7956, 7958, 7960, 7962, 7964, 7966, 7968, 7970, 7972, 7974, 7976, 7978, 7980, 7982, 7984, 7986, 7988, 7990, 
7992, 7994, 7996, 7998, 8000, 8002, 8004, 8006, 8008, 8010, 8012, 8014, 8016, 8018, 8020, 8022, 8024, 8026, 8028, 
8030, 8032, 8034, 8036, 8038, 8040, 8042, 8044, 8046, 8048, 8050, 8052, 8054, 8056, 8058, 8060, 8062, 8064, 8066, 
8068, 8070, 8072, 8074, 8076, 8078, 8080, 8082, 8084, 8086, 8088, 8090, 8092, 8094, 8096, 8098, 8100, 8102, 8104, 
5 8106, 8108, 8110, 8112, 8114, 8116, 8118, 8120, 8122, 8124, 8126, 8128, 8130, 8132, 8134, 8136, 8138, 8140, 8142, 
8144, 8146, 8148, 8150, 8152, 8154, 8156, 8158, 8160, 8162, 8164, 8166, 8168, 8170, 8172, 8174, 8176, 8178, 8180, 
8182, 8184, 8186, 8188, 8190, 8192, 8194, 8196, 8198, 8200, 8202, 8204, 8206, 8208, 8210, 8212, 8214, 8216, 8218, 
8220, 8222, 8224, 8226, 8228, 8230, 8232, 8234, 8236, 8238, 8240, 8242, 8244, 8246, 8248, 8250, 8252, 8254, 8256, 
8258, 8260, 8262, 8264, 8266, 8268, 8270, 8272, 8274, 8276, 8278, 8280, 8282, 8284, 8286, 8288, 8290, 8292, 8294, 

10 8296, 8298, 8300, 8302, 8304, 8306, 8308, 8310, 8312, 8314, 8316, 8318, 8320, 8322, 8324, 8326, 8328, 8330, 8332, 
8334, 8336, 8338, 8340, 8342, 8344, 8346, 8348, 8350, 8352, 8354, 8356, 8358, 8360, 8362, 8364, 8366, 8368, 8370, 
8372, 8374, 8376, 8378, 8380, 8382, 8384, 8386, 8388, 8390, 8392, 8394, 8396, 8398, 8400, 8402, 8404, 8406, 8408, 
8410, 8412, 8414, 8416, 8418, 8420, 8422, 8424, 8426, 8428, 8430, 8432, 8434, 8436, 8438, 8440, 8442, 8444, 8446, 
8448, 8450, 8452, 8454, 8456, 8458, 8460, 8462, 8464, 8466, 8468, 8470, 8472, 8474, 8476, 8478, 8480, 8482, 8484, 

15 8486, 8488, 8490, 8492, 8494, 8496, 8498, 8500, 8502, 8504, 8506, 8508, 8510, 8512, 8514, 8516, 8518, 8520, 8522, 
8524, 8526, 8528, 8530, 8532, 8534, 8536, 8538, 8540, 8542, 8544, 8546, 8548, 8550, 8552, 8554, 8556, 8558, 8560, 
8562, 8564, 8566, 8568, 8570, 8572, 8574, 8576, 8578, 8580, 8582, 8584, 8586, 8588, 8590, 8592, 8594, 8596, 8598, 
8600, 8602, 8604, 8606, 8608, 8610, 8612, 8614, 8616, 8618, 8620, 8622, 8624, 8626, 8628, 8630, 8632, 8634, 8636, 
8638, 8640, 8642, 8644, 8646, 8648, 8650, 8652, 8654, 8656, 8658, 8660, 8662, 8664, 8666, 8668, 8670, 8672, 8674, 

20 8676, 8678, 8680, 8682, 8684, 8686, 8688, 8690, 8692, 8694, 8696, 8698, 8700, 8702, 8704, 8706, 8708, 8710, 8712, 
8714, 8716, 8718, 8720, 8722, 8724, 8726, 8728, 8730, 8732, 8734, 8736, 8738, 8740, 8742, 8744, 8746, 8748, 8750, 
8752, 8754, 8756, 8758, 8760, 8762, 8764, 8766, 8768, 8770, 8772, 8774, 8776, 8778, 8780, 8782, 8784, 8786, 8788, 
8790, 8792, 8794, 8796, 8798, 8800, 8802, 8804, 8806, 8808, 8810, 8812, 8814, 8816, 8818, 8820, 8822, 8824, 8826, 
8828, 8830, 8832, 8834, 8836, 8838, 8840, 8842, 8844, 8846, 8848, 8850, 8852, 8854, 8856, 8858, 8860, 8862, 8864, 

25 8866, 5868, 8870, 8872, 8874, 8876, 8878, 8880, 8882, 8884, 8886, 8888, 8890, 8892, 8894, 8896, 8898, 8900, 8902, 
8904, 8906, 8908, 8910, 8912, 8914, 8916, 8918, 8920, 8922, 8924, 8926, 8928, 8930, 8932, 8934, 8936, 8938, 8940, 
8942, 8944, 8946, 8948, 8950, 8952, 8954, 8956, 8958, 8960, 8962, 8964, 8966, 8968, 8970, 8972, 8974, 8976, 8978, 
8980, 8982, 8984, 8986, 8988, 8990, 8992, 8994, 8996, 8998, 9000, 9002, 9004, 9006, 9008, 9010, 9012, 9014, 9016, 
9018, 9020, 9022, 9024, 9026, 9028, 9030, 9032, 9034, 9036, 9038, 9040, 9042, 9044, 9046, 9048, 9050, 9052, 9054, 

30 9056, 9058, 9060, 9062, 9064, 9066, 9068, 9070, 9072, 9074, 9076, 9078, 9080, 9082, 9084, 9086, 9088, 9090, 9092, 
9094, 9096, 9098, 9100, 9102, 9104, 9106, 9108, 9110, 9112, 9114, 9116, 9118, 9120, 9122. 9124, 9126, 9128, 9130, 
9132, 9134, 9136, 9138, 9140, 9142, 9144, 9146, 9148, 9150, 9152, 9154, 9156, 9158, 9160, 9162, 9164, 9166, 9168, 
9170, 9172, 9174, 9176, 9178, 9180, 9182, 9184, 9186, 9188, 9190, 9192, 9194, 9196, 9198, 9200, 9202, 9204, 9206, 
9208, 9210, 9212, 9214, 9216, 9218, 9220, 9222, 9224, 9226, 9228, 9230, 9232, 9234, 9236, 9238, 9240, 9242, 9244, 

35 9246, 9248, 9250, 9252, 9254, 9256, 9258, 9260, 9262, 9264, 9266, 9268, 9270, 9272, 9274, 9276, 9278, 9280, 9282, 
9284, 9286, 9288, 9290, 9292, 9294, 9296, 9298, 9300, 9302, 9304, 9306, 9308, 9310, 9312, 9314, 9316, 9318, 9320, 
9322, 9324, 9326, 9328, 9330, 9332, 9334, 9336, 9338, 9340, 9342, 9344, 9346, 9348, 9350, 9352, 9354, 9356, 9358, 
9360, 9362, 9364, 9366, 9368, 9370, 9372, 9374, 9376, 9378, 9380, 9382, 9384, 9386, 9388, 9390, 9392, 9394, 9396, 
9398, 9400, 9402, 9404, 9406, 9408, 9410, 9412, 9414, 9416, 9418, 9420, 9422, 9424, 9426, 9428, 9430, 9432, 9434, 

40 9436, 9438, 9440, 9442, 9444, 9446, 9448, 9450, 9452, 9454, 9456, 9458, 9460, 9462, 9464, 9466, 9468, 9470, 9472, 
9474, 9476, 9478, 9480, 9482, 9484, 9486, 9488, 9490, 9492, 9494, 9496, 9498, 9500, 9502, 9504, 9506, 9508, 9510, 
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9512, 9514, 9516, 9518, 9520, 9522, 9524, 9526, 9528, 9530, 9532, 9534, 9536, 9538, 9540, 9542, 9544, 9546, 9548, 
9550, 9552, 9554, 9556, 9558, 9560, 9562, 9564, 9566, 9568, 9570, 9572, 9574, 9576, 9578, 9580, 9582, 9584, 9586, 
9588, 9590, 9592, 9594, 9596, 9598, 9600, 9602, 9604, 9606, 9608, 9610, 9612, 9614, 9616, 9618, 9620, 9622, 9624, 
9626, 9628, 9630, 9632, 9634, 9636, 9638, 9640, 9642, 9644, 9646, 9648, 9650, 9652, 9654, 9656, 9658, 9660, 9662, 
5 9664, 9666, 9668, 9670, 9672, 9674, 9676, 9678, 9680, 9682, 9684, 9686, 9688, 9690, 9692, 9694, 9696, 9698, 9700, 
9702, 9704, 9706, 9708, 9710, 9712, 9714, 9716, 9718, 9720, 9722, 9724, 9726, 9728, 9730, 9732, 9734, 9736, 9738, 
9740, 9742, 9744, 9746, 9748, 9750, 9752, 9754, 9756, 9758. 9760, 9762, 9764, 9766, 9768, 9770, 9772, 9774, 9776, 
9778, 9780, 9782, 9784, 9786, 9788, 9790, 9792, 9794, 9796, 9798, 9800, 9802, 9804, 9806, 9808, 9810, 9812, 9814, 
9816, 9818, 9820, 9822, 9824, 9826, 9828, 9830, 9832, 9834, 9836, 9838, 9840, 9842, 9844, 9846, 9848, 9850, 9852, 

10 9854, 9856, 9858, 9860, 9862, 9864, 9866, 9868, 9870, 9872, 9874, 9876, 9878, 9880, 9882, 9884, 9886, 9888, 9890, 
9892, 9894, 9896, 9898, 9900, 9902, 9904, 9906, 9908, 9910, 9912, 9914, 9916, 9918, 9920, 9922, 9924, 9926, 9928, 
9930, 9932, 9934, 9936, 9938, 9940, 9942, 9944, 9946, 9948, 9950, 9952, 9954, 9956, 9958, 9960, 9962, 9964, 9966, 
9968, 9970, 9972, 9974, 9976, 9978, 9980, 9982, 9984, 9986, 9988, 9990, 9992, 9994, 9996, 9998, 10000, 10002, 
10004, 10006, 10008, 10010, 10012, 10014, 10016, 10018, 10020, 10022, 10024, 10026, 10028, 10030, 10032, 10034, 

15 10036, 10038, 10040, 10042, 10044, 10046, 10048, 10050, 10052, 10054, 10056, 10058, 10060, 10062, 10064, 10066, 
10068, 10070, 10072, 10074, 10O76, 10078, 10080, 10082, 10084, 10086, 10088, 10090, 10092, 10094, 10096, 10098, 
10100, 10102, 10104, 10106, 10108, 10110, 10112, 10114, 10116, 10118, 10120, 10122, 10124, 10126, 10128, 10130, 
10132, 10134, 10136, 10138, 10140, 10142, 10144, 10146, 10148, 10150, 10152, 10154, 10156, 10158, 10160, 10162, 
10164, 10166, 10168, 10170, 10172, 10174, 10176, 10178, 10180, 10182, 10184, 10186, 10188, 10190, 10192, 10194, 

20 10196, 10198, 10200, 10202, 10204, 10206, 10208, 10210, 10212, 10214, 10216, 10218, 10220, 10222, 10224, 10226, 
10228, 10230, 10232, 10234, 10236, 10238, 10240, 10242, 10244, 10246, 10248, 10250, 10252, 10254, 10256, 10258, 
10260, 10262, 10264, 10266, 10268, 10270, 10272, 10274, 10276, 10278, 10280, 10282, 10284, 10286, 10288, 10290, 
10292, 10294, 10296, 10298, 10300, 10302, 10304, 10306, 10308, 10310, 10312, 10314, 10316, 10318, 10320, 10322, 
10324, 10326, 10328, 10330, 10332, 10334, 10336, 10338, 10340, 10342, 10344, 10346, 10348, 10350, 10352, 10354, 

25 10356, 10358, 10360, 10362, 10364, 10366, 10368, 10370, 10372, 10374, 10376, 10378, 10380, 10382, 10384, 10386, 
10388. 10390. 10392, 10394, 10396, 10398, 10400, 10402, 10404, 10406. 10408. 10410, 10412, 10414, 10416, 10418, 
10420, 10422, 10424, 10426, 10428, 10430, 10432, 10434, 10436, 10438, 10440, 10442, 10444, 10446, 10448, 10450, 
10452, 10454, 10456, 10458, 10460, 10462, 10464, 10466, 10468, 10470, 10472, 10474, 10476, 10478, 10480, 10482, 
10484, 10486, 10488, 10490, 10492, 10494, 10496, 10498, 10500, 10502, 10504, 10506, 10508, 10510, 10512, 10514, 

30 10516, 10518, 10520, 10522, 10524, 10526, 10528, 10530, 10532, 10534, 10536, 10538, 10540, 10542, 10544, 10546, 
10548, 10550, 10552, 10554, 10556, 10558, 10560, 10562, 10564, 10566, 10568, 10570, 10572, 10574, 10576, 10578, 
10580, 10582, 10584, 10586, 10588, 10590, 10592, 10594, 10596, 10598, 10600, 10602, 10604, 10606, 10608, 10610, 
10612, 10614, 10616, 10618, 10620, 10622, 10624, 10626, 10628, 10630, 10632, 10634, 10636, 10638, 10640, 10642, 
10644, 10646, 10648. 10650. 10652. 10654, 10656, 10658, 10660, 10662, 10664, 10666, 10668, 10670, 10672, 10674, 

35 10676, 10678, 10680, 10682, 10684. 10686, 10688, 10690, 10692, 10694, 10696, 10698, 10700, 10702, 10704, 10706, 
10708, 10710, 10712, 10714, 10716, 10718, 10720, 10722, 10724, 10726, 10728, 10730, 10732, 10734, 10736, 10738, 
10740, 10742, 10744, 10746, 10748, 10750, 10752, 10754, 10756, 10758, 10760, 10762, 10764, 10766, 10768, 10770, 
10772, 10774, 10776, 10778, 10780, 10782, 10784, 10786, 10788, 10790, 10792, 10794, 10796, 10798, 10800, 10802, 
10804, 10806, 10808, 10810, 10812, 10814, 10816, 10818, 10820, 10822, 10824, 10826, 10828, 10830, 10832, 10834, 

40 10836, 10838, 10840, 10842, 10844, 10846, 10848, 10850, 10852, 10854, 10856, 10858, 10860, 10862, 10864, 10866, 
10868, 10870, 10872, 10874, 10876, 10878, 10880, 10882, 10884, 10886, 10888, 10890, 10892, 10894, 10896, 10898, 
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10900, 10902, 10904, 10906, 10908, 10910, 10912, 10914, 10916, 10918, 10920, 10922, 10924, 10926, 10928, 10930, 
10932, 10934, 10936, 10938, 10940, 10942, 10944, 10946, 10948, 10950, 10952, 10954, 10956, 10958, 10960, 10962, 
10964 and 10966. 

2. A ptotem having 50% or gisater sequence idei]% to a proton am 

5 3. AptotancQnprisingafiagmeDtof7ornK)iea)nsecutiveaHm^ 

consisting of SEQ IDs 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 
58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 
116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 
164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210, 

10 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242, 244, 246, 248, 250, 252, 254, 256, 258, 
260, 262, 264, 266, 268, 270, 272, 274, 276, 278, 280, 282, 284, 286, 288, 290, 292, 294, 296, 298, 300, 302, 304, 306, 
308, 310, 312, 314, 316, 318, 320, 322, 324, 326, 328, 330, 332, 334, 336, 338, 340, 342, 344, 346, 348, 350, 352, 354, 
356, 358, 360, 362, 364, 366, 368, 370, 372, 374, 376, 378, 380, 382, 384, 386, 388, 390, 392, 394, 396, 398, 400, 402, 
404, 406, 408, 410, 412, 414, 416, 418, 420, 422, 424, 426, 428, 430, 432, 434, 436, 438, 440, 442, 444, 446, 448, 450, 

15 452, 454, 456, 458, 460, 462, 464, 466, 468, 470, 472, 474, 476, 478, 480, 482, 484, 486, 488, 490, 492, 494, 496, 498, 
500, 502, 504, 506, 508, 510, 512, 514, 516, 518, 520, 522, 524, 526, 528, 530, 532, 534, 536, 538, 540, 542, 544, 546, 
548, 550, 552, 554, 556, 558, 560, 562, 564, 566, 568, 570, 572, 574, 576, 578, 580, 582, 584, 586, 588, 590, 592, 594, 
596, 598, 600, 602, 604, 606, 608, 610, 612, 614, 616, 618, 620, 622, 624, 626, 628, 630, 632, 634, 636, 638, 640, 642, 
644, 646, 648, 650, 652, 654, 656, 658, 660, 662, 664, 666, 668, 670, 672, 674, 676, 678, 680, 682, 684, 686, 688, 690, 

20 692, 694, 696, 698, 700, 702, 704, 706, 708, 710, 712, 714, 716, 718, 720, 722, 724, 726, 728, 730, 732, 734, 736, 738, 
740, 742, 744, 746, 748, 750, 752, 754, 756, 758, 760, 762, 764, 766, 768, 770, 772, 774, 776, 778, 780, 782, 784, 786, 
788, 790, 792, 794, 796, 798, 800, 802, 804, 806, 808, 810, 812, 814, 816, 818, 820, 822, 824, 826, 828, 830, 832, 834, 
836, 838, 840, 842, 844, 846, 848, 850, 852, 854, 856, 858, 860, 862, 864, 866, 868, 870, 872, 874, 876, 878, 880, 882, 
884, 886, 888, 890, 892, 894, 896, 898, 900, 902, 904, 906, 908, 910, 912, 914, 916, 918, 920, 922, 924, 926, 928, 930, 

25 932, 934, 936, 938, 940, 942, 944, 946, 948, 950, 952, 954, 956, 958, 960, 962, 964, 966, 968, 970, 972, 974, 976, 978, 
980, 982, 984, 986, 988, 990, 992, 994, 996, 998, 1000, 1002, 1004, 1006, 1008, 1010, 1012, 1014, 1016, 1018, 1020, 
1022, 1024, 1026, 1028, 1030, 1032, 1034, 1036, 1038, 1040, 1042, 1044, 1046, 1048, 1050, 1052, 1054, 1056, 1058, 
1060, 1062, 1064, 1066, 1068, 1070, 1072, 1074, 1076, 1078, 1080, 1082, 1084, 1086, 1088, 1090, 1092, 1094, 1096, 
1098, 1100, 1102, im, 1106, 1108, 1110, 1112, 1114, 1116, 1118, 1120, 1122, 1124, 1126, 1128, 1130, 1132, 1134, 

30 1136, 1138, 1140, 1142, 1144, 1146, 1148, 1150, 1152, 1154, 1156, 1158, 1160, 1162, 1164, 1166, 1168, 1170, 1172, 
1174, 1176, 1178, 1180, 1182, 1184, 1186, 1188, 1190, 1192, 1194, 1196, 1198, 1200, 1202, 1204, 1206, 1208, 1210, 
1212, 1214, 1216, 1218, 1220, 1222, 1224, 1226, 1228, 1230, 1232, 1234, 1236, 1238, 1240, 1242, 1244, 1246, 1248, 
1250, 1252, 1254, 1256, 1258, 1260, 1262, 1264, 1266, 1268, 1270, 1272, 1274, 1276, 1278, 1280, 1282, 1284, 1286, 
1288, 1290, 1292, 1294, 1296, 1298, 1300, 1302, 1304, 1306, 1308, 1310, 1312, 1314, 1316, 1318, 1320, 1322, 1324, 

35 1326, 1328, 1330, 1332, 1334, 1336, 1338, 1340, 1342, 1344, 1346, 1348, 1350, 1352, 1354, 1356, 1358, 1360, 1362, 
1364, 1366, 1368, 1370, 1372, 1374, 1376, 1378, 1380, 1382, 1384, 1386, 1388, 1390, 1392, 1394, 1396, 1398, 1400, 
1402, 1404, 1406, 1408, 1410, 1412, 1414, 1416, 1418, 1420, 1422, 1424, 1426, 1428, 1430, 1432, 1434, 1436, 1438, 
1440, 1442, 1444, 1446, 1448, 1450, 1452, 1454, 1456, 1458, 1460, 1462, 1464, 1466, 1468, 1470, 1472, 1474, 1476, 
1478, 1480, 1482, 1484, 1486, 1488, 1490, 1492, 1494, 1496, 1498, 1500, 1502, 1504, 1506, 1508, 1510, 1512, 1514, 

40 1516, 1518, 1520, 1522, 1524, 1526, 1528, 1530, 1532, 1534, 1536, 1538, 1540, 1542, 1544, 1546, 1548, 1550, 1552, 
1554, 1556, 1558, 1560, 1562, 1564, 1566, 1568, 1570, 1572, 1574, 1576, 1578, 1580, 1582, 1584, 1586, 1588, 1590, 
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1592, 1594, 1596, 1598, 1600, 1602, 1604, 1606, 1608, 1610, 1612, 1614, 1616, 1618, 1620, 1622, 1624, 1626, 1628, 
1630, 1632, 1634, 1636, 1638, 1640, 1642, 1644, 1646, 1648, 1650, 1652, 1654, 1656, 1658, 1660, 1662, 1664, 1666, 
1668, 1670, 1672, 1674, 1676, 1678, 1680, 1682, 1684, 1686, 1688, 1690, 1692, 1694, 1696, 1698, 1700, 1702, 1704, 
1706, 1708, 1710, 1712, 1714, 1716, 1718, 1720, 1722, 1724, 1726, 1728, 1730, 1732, 1734, 1736, 1738, 1740, 1742, 
5 1744, 1746, 1748, 1750, 1752, 1754, 1756, 1758, 1760, 1762, 1764, 1766, 1768, 1770, 1772, 1774, 1776, 1778, 1780, 
1782, 1784, 1786, 1788, 1790, 1792, 1794, 1796, 1798, 1800, 1802, 1804, 1806, 1808, 1810, 1812, 1814, 1816, 1818, 
1820, 1822, 1824, 1826, 1828, 1830, 1832, 1834, 1836, 1838, 1840, 1842, 1844, 1846, 1848, 1850, 1852, 1854, 1856, 
1858, 1860, 1862, 1864, 1866, 1868, 1870, 1872, 1874, 1876, 1878, 1880, 1882, 1884, 1886, 1888, 1890, 1892, 1894, 
1896, 1898, 1900, 1902, 1904, 1906, 1908, 1910, 1912, 1914, 1916, 1918, 1920, 1922, 1924, 1926, 1928, 1930, 1932, 

10 1934, 1936, 1938, 1940, 1942, 1944, 1946, 1948, 1950, 1952, 1954, 1956, 1958, 1960, 1962, 1964, 1966, 1968, 1970, 
1972, 1974, 1976, 1978, 1980, 1982, 1984, 1986, 1988, 1990, 1992, 1994, 1996, 1998, 2000, 2002, 2004, 2006, 2008, 
2010, 2012, 2014, 2016, 2018, 2020, 2022, 2024, 2026, 2028, 2030, 2032, 2034, 2036, 2038, 2040, 2042, 2044, 2046, 
2048, 2050, 2052, 2054, 2056, 2058, 2060, 2062, 2064, 2066, 2068, 2070, 2072, 2074, 2076, 2078, 2080, 2082, 2084, 
2086, 2088, 2090, 2092, 2094, 2096, 2098, 2100, 2102, 2104, 2106, 2108, 2110, 2112, 2114, 2116, 2118, 2120, 2122, 

15 2124, 2126, 2128, 2130, 2132, 2134, 2136, 2138, 2140, 2142, 2144, 2146, 2148, 2150, 2152, 2154, 2156, 2158, 2160, 
2162, 2164, 2166, 2168, 2170, 2172, 2174, 2176, 2178, 2180, 2182, 2184, 2186, 2188, 2190, 2192, 2194, 2196, 2198, 
2200, 2202, 2204, 2206, 2208, 2210, 2212, 2214, 2216, 2218, 2220, 2222, 2224, 2226, 2228, 2230, 2232, 2234, 2236, 
2238, 2240, 2242, 2244, 2246, 2248, 2250, 2252, 2254, 2256, 2258, 2260, 2262, 2264, 2266, 2268, 2270, 2272, 2274, 
2276, 2278, 2280, 2282, 2284, 2286, 2288, 2290, 2292, 2294, 2296, 2298, 2300, 2302, 2304, 2306, 2308, 2310, 2312, 

20 2314, 2316, 2318, 2320, 2322, 2324, 2326, 2328, 2330, 2332, 2334, 2336, 2338, 2340, 2342, 2344, 2346, 2348, 2350, 
2352, 2354, 2356, 2358, 2360, 2362, 2364, 2366, 2368, 2370, 2372, 2374, 2376, 2378, 2380, 2382, 2384, 2386, 2388, 
2390, 2392, 2394, 2396, 2398, 2400, 2402, 2404, 2406, 2408, 2410, 2412, 2414, 2416, 2418, 2420, 2422, 2424, 2426, 
2428, 2430, 2432, 2434, 2436, 2438, 2440, 2442, 2444, 2446, 2448, 2450, 2452, 2454, 2456, 2458, 2460, 2462, 2464, 
2466, 2468, 2470, 2472, 2474, 2476, 2478, 2480, 2482, 2484, 2486, 2488, 2490, 2492, 2494, 2496, 2498, 2500, 2502, 

25 2504, 2506, 2508, 2510, 2512, 2514, 2516, 2518, 2520, 2522, 2524, 2526, 2528, 2530, 2532, 2534, 2536, 2538, 2540, 
2542, 2544, 2546, 2548, 2550, 2552, 2554, 2556, 2558, 2560, 2562, 2564, 2566, 2568, 2570, 2572, 2574, 2576, 2578, 
2580, 2582, 2584, 2586, 2588, 2590, 2592, 2594, 2596, 2598, 2600, 2602, 2604, 2606, 2608, 2610, 2612, 2614, 2616, 
2618, 2620, 2622, 2624, 2626, 2628, 2630, 2632, 2634, 2636, 2638, 2640, 2642, 2644, 2646, 2648, 2650, 2652, 2654, 
2656, 2658, 2660, 2662, 2664, 2666, 2668, 2670, 2672, 2674, 2676, 2678, 2680, 2682, 2684, 2686, 2688, 2690, 2692, 

30 2694, 2696, 2698, 2700, 2702, 2704, 2706, 2708, 2710, 2712, 2714, 2716, 2718, 2720, 2722, 2724, 2726, 2728, 2730, 
2732, 2734, 2736, 2738, 2740, 2742, 2744, 2746, 2748, 2750, 2752, 2754, 2756, 2758, 2760, 2762, 2764, 2766, 2768, 
2770, 2772, 2774, 2776, 2778, 2780, 2782, 2784, 2786, 2788, 2790, 2792, 2794, 2796, 2798, 2800, 2802, 2804, 2806, 
2808, 2810, 2812, 2814, 2816, 2818, 2820, 2822, 2824, 2826, 2828, 2830, 2832, 2834, 2836, 2838, 2840, 2842, 2844, 
2846, 2848, 2850, 2852, 2854, 2856, 2858, 2860, 2862, 2864, 2866, 2868, 2870, 2872, 2874, 2876, 2878, 2880, 2882, 

35 2884, 2886, 2888, 2890, 2892, 2894, 2896, 2898, 2900, 2902, 2904, 2906, 2908, 2910, 2912, 2914, 2916, 2918, 2920, 
2922, 2924, 2926, 2928, 2930, 2932, 2934, 2936, 2938, 2940, 2942, 2944, 2946, 2948, 2950, 2952, 2954, 2956, 2958, 
2960, 2962, 2964, 2966, 2968, 2970, 2972, 2974, 2976, 2978, 2980, 2982, 2984, 2986, 2988, 2990, 2992, 2994, 2996, 
2998, 3000, 3002, 3004, 3006, 3008, 3010, 3012, 3014, 3016, 3018, 3020, 3022, 3024, 3026, 3028, 3030, 3032, 3034, 
3036, 3038, 3040, 3042, 3044, 3046, 3048, 3050, 3052, 3054, 3056, 3058, 3060, 3062, 3064, 3066, 3068, 3070, 3072, 

40 3074, 3076, 3078, 3080, 3082, 3084, 3086, 3088, 3090, 3092, 3094, 3096, 3098, 3100, 3102, 3104, 3106, 3108, 3110, 
3112, 3114, 3116, 3118, 3120, 3122, 3124, 3126, 3128, 3130, 3132, 3134, 3136, 3138, 3140, 3142, 3144, 3146, 3148, 
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3150, 3152, 3154, 3156, 3158, 3160, 3162, 3164, 3166, 3168, 3170, 3172, 3174, 3176, 3178, 3180, 3182, 3184, 3186, 
3188, 3190, 3192, 3194, 3196, 3198, 3200, 3202, 3204, 3206, 3208, 3210, 3212, 3214, 3216, 3218, 3220, 3222, 3224, 
3226, 3228, 3230, 3232, 3234, 3236, 3238, 3240, 3242, 3244, 3246, 3248, 3250, 3252, 3254, 3256, 3258, 3260, 3262, 
3264, 3266, 3268, 3270, 3272, 3274, 3276, 3278, 3280, 3282, 3284, 3286, 3288, 3290, 3292, 3294, 3296, 3298, 3300, 

5 3302, 3304, 3306, 3308, 3310, 3312, 3314, 3316, 3318, 3320, 3322, 3324, 3326, 3328, 3330, 3332, 3334, 3336, 3338, 
3340, 3342, 3344, 3346, 3348, 3350, 3352, 3354, 3356, 3358, 3360, 3362, 3364, 3366, 3368, 3370, 3372, 3374, 3376, 
3378, 3380, 3382, 3384, 3386, 3388, 3390, 3392, 3394, 3396, 3398, 3400, 3402, 3404, 3406, 3408, 3410, 3412, 3414, 
3416, 3418, 3420, 3422, 3424, 3426, 3428, 3430, 3432, 3434, 3436, 3438, 3440, 3442, 3444, 3446, 3448, 3450, 3452, 
3454, 3456, 3458, 3460, 3462, 3464, 3466, 3468, 3470, 3472, 3474, 3476, 3478, 3480, 3482, 3484, 3486, 3488, 3490, 

10 3492, 3494, 3496, 3498, 3500, 3502, 3504, 3506, 3508, 3510, 3512, 3514, 3516, 3518, 3520, 3522, 3524, 3526, 3528, 
3530, 3532, 3534, 3536, 3538, 3540, 3542, 3544, 3546, 3548, 3550, 3552, 3554, 3556, 3558, 3560, 3562, 3564, 3566, 
3568, 3570, 3572, 3574, 3576, 3578, 3580, 3582, 3584, 3586, 3588, 3590, 3592, 3594, 3596, 3598, 3600, 3602, 3604, 
3606, 3608, 3610, 3612, 3614, 3616, 3618, 3620, 3622, 3624, 3626, 3628, 3630, 3632, 3634, 3636, 3638, 3640, 3642, 
3644, 3646, 3648, 3650, 3652, 3654, 3656, 3658, 3660, 3662, 3664, 3666, 3668, 3670, 3672, 3674, 3676, 3678, 3680, 

15 3682, 3684, 3686, 3688, 3690, 3692, 3694, 3696, 3698, 3700, 3702, 3704, 3706, 3708, 3710, 3712, 3714, 3716, 3718, 
3720, 3722, 3724, 3726, 3728, 3730, 3732, 3734, 3736, 3738, 3740, 3742, 3744, 3746, 3748, 3750, 3752, 3754, 3756, 
3758, 3760, 3762, 3764, 3766, 3768, 3770, 3772, 3774, 3776, 3778, 3780, 3782, 3784, 3786, 3788, 3790, 3792, 3794, 
3796, 3798, 3800, 3802, 3804, 3806, 3808, 3810, 3812, 3814, 3816, 3818, 3820, 3822, 3824, 3826, 3828, 3830, 3832, 
3834, 3836, 3838, 3840, 3842, 3844, 3846, 3848, 3850, 3852, 3854, 3856, 3858, 3860, 3862, 3864, 3866, 3868, 3870, 

20 3872, 3874, 3876, 3878, 3880, 3882, 3884, 3886, 3888, 3890, 3892, 3894, 3896, 3898, 3900, 3902, 3904, 3906, 3908, 
3910, 3912, 3914, 3916, 3918, 3920, 3922, 3924, 3926, 3928, 3930, 3932, 3934, 3936, 3938, 3940, 3942, 3944, 3946, 
3948, 3950, 3952, 3954, 3956, 3958, 3960, 3962, 3964, 3966, 3968, 3970, 3972, 3974, 3976, 3978, 3980, 3982, 3984, 
3986, 3988, 3990, 3992, 3994, 3996, 3998, 4000, 4002, 4004, 4006, 4008, 4010, 4012, 4014, 4016, 4018, 4020, 4022, 
4024, 4026, 4028, 4030, 4032, 4034, 4036, 4038, 4040, 4042, 4044, 4046, 4048, 4050, 4052, 4054, 4056, 4058, 4060, 

25 4062, 4064, 4066, 4068, 4070, 4072, 4074, 4076, 4078, 4080, 4082, 4084, 4086, 4088, 4090, 4092, 4094, 4096, 4098, 
4100, 4102, 4104, 4106, 4108, 4110, 4112, 4114, 4116, 4118, 4120, 4122, 4124, 4126, 4128, 4130, 4132, 4134, 4136, 
4138, 4140, 4142, 4144, 4146, 4148, 4150, 4152, 4154, 4156, 4158, 4160, 4162, 4164, 4166, 4168, 4170, 4172, 4174, 
4176, 4178, 4180, 4182, 4184, 4186, 4188, 4190, 4192, 4194, 4196, 4198, 4200, 4202, 4204, 4206, 4208, 4210, 4212, 
4214, 4216, 4218, 4220, 4222, 4224, 4226, 4228, 4230, 4232, 4234, 4236, 4238, 4240, 4242, 4244, 4246, 4248, 4250, 

30 4252, 4254, 4256, 4258, 4260, 4262, 4264, 4266, 4268, 4270, 4272, 4274, 4276, 4278, 4280, 4282, 4284, 4286, 4288, 
4290, 4292, 4294, 4296, 4298, 4300, 4302, 4304, 4306, 4308, 4310, 4312, 4314, 4316, 4318, 4320, 4322, 4324, 4326, 
4328, 4330, 4332, 4334, 4336, 4338, 4340, 4342, 4344, 4346, 4348, 4350, 4352, 4354, 4356, 4358, 4360, 4362, 4364, 
4366, 4368, 4370, 4372, 4374, 4376, 4378, 4380, 4382, 4384, 4386, 4388, 4390, 4392, 4394, 4396, 4398, 4400, 4402, 
4404, 4406, 4408, 4410, 4412, 4414, 4416, 4418, 4420, 4422, 4424, 4426, 4428, 4430, 4432, 4434, 4436, 4438, 4440, 

35 4442, 4444, 4446, 4448, 4450, 4452, 4454, 4456, 4458, 4460, 4462, 4464, 4466, 4468, 4470, 4472, 4474, 4476, 4478, 
4480, 4482, 4484, 4486, 4488, 4490, 4492, 4494, 4496, 4498, 4500, 4502, 4504, 4506, 4508, 4510, 4512, 4514, 4516, 
4518, 4520, 4522, 4524, 4526, 4528, 4530, 4532, 4534, 4536, 4538, 4540, 4542, 4544, 4546, 4548, 4550, 4552, 4554, 
4556, 4558, 4560, 4562, 4564, 4566, 4568, 4570, 4572, 4574, 4576, 4578, 4580, 4582, 4584, 4586, 4588, 4590, 4592, 
4594, 4596, 4598, 4600, 4602, 4604, 4606, 4608, 4610, 4612, 4614, 4616, 4618, 4620, 4622, 4624, 4626, 4628, 4630, 

40 4632, 4634, 4636, 4638, 4640, 4642, 4644, 4646, 4648, 4650, 4652, 4654, 4656, 4658, 4660, 4662, 4664, 4666, 4668, 
4670, 4672, 4674, 4676, 4678, 4680, 4682, 4684, 4686, 4688, 4690, 4692, 4694, 4696, 4698, 4700, 4702, 4704, 4706, 
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4708, 4710, 4712, 4714, 4716, 4718, 4720, 4722, 4724, 4726, 4728, 4730, 4732, 4734, 4736, 4738, 4740, 4742, 4744, 
4746, 4748, 4750, 4752, 4754, 4756, 4758, 4760, 4762, 4764, 4766, 4768, 4770, 4772, 4774, 4776, 4778, 4780, 4782, 
4784, 4786, 4788, 4790, 4792, 4794, 4796, 4798, 4800, 4802, 4804, 4806, 4808, 4810, 4812, 4814, 4816, 4818, 4820, 
4822, 4824, 4826, 4828, 4830, 4832, 4834, 4836, 4838, 4840, 4842, 4844, 4846, 4848, 4850, 4852, 4854, 4856, 4858, 
5 4860, 4862, 4864, 4866, 4868, 4870, 4872, 4874, 4876, 4878, 4880, 4882, 4884, 4886, 4888, 4890, 4892, 4894, 4896, 
4898, 4900, 4902, 4904, 4906, 4908, 4910, 4912, 4914, 4916, 4918, 4920, 4922, 4924, 4926, 4928, 4930, 4932, 4934, 
4936, 4938, 4940, 4942, 4944, 4946, 4948, 4950, 4952, 4954, 4956, 4958, 4960, 4962, 4964, 4966, 4968, 4970, 4972, 
4974, 4976, 4978, 4980, 4982, 4984, 4986, 4988, 4990, 4992, 4994, 4996, 4998, 5000, 5002, 5004, 5006, 5008, 5010, 
5012, 5014, 5016, 5018, 5020, 5022, 5024, 5026, 5028, 5030, 5032, 5034, 5036, 5038, 5040, 5042, 5044, 5046, 5048, 

10 5050, 5052, 5054, 5056, 5058, 5060, 5062, 5064, 5066, 5068, 5070, 5072, 5074, 5076, 5078, 5080, 5082, 5084, 5086, 
5088, 5090, 5092, 5094, 5096, 5098, 5100, 5102, 5104, 5106, 5108, 5110, 5112, 5114, 5116, 5118, 5120, 5122, 5124, 
5126, 5128, 5130, 5132, 5134, 5136, 5138, 5140, 5142, 5144, 5146, 5148, 5150, 5152, 5154, 5156, 5158, 5160, 5162, 
5164, 5166, 5168, 5170, 5172, 5174, 5176, 5178, 5180, 5182, 5184, 5186, 5188, 5190, 5192, 5194, 5196, 5198, 5200, 
5202, 5204, 5206, 5208, 5210, 5212, 5214, 5216, 5218, 5220, 5222, 5224, 5226, 5228, 5230, 5232, 5234, 5236, 5238, 

15 5240, 5242, 5244, 5246, 5248, 5250, 5252, 5254, 5256, 5258, 5260, 5262, 5264, 5266, 5268, 5270, 5272, 5274, 5276, 
5278, 5280, 5282, 5284, 5286, 5288, 5290, 5292, 5294, 5296, 5298, 5300, 5302, 5304, 5306, 5308, 5310, 5312, 5314, 
5316, 5318, 5320, 5322, 5324, 5326, 5328, 5330, 5332, 5334, 5336, 5338, 5340, 5342, 5344, 5346, 5348, 5350, 5352, 
5354, 5356, 5358, 5360, 5362, 5364, 5366, 5368, 5370, 5372, 5374, 5376, 5378, 5380, 5382, 5384, 5386, 5388, 5390, 
5392, 5394, 5396, 5398, 5400, 5402, 5404, 5406, 5408, 5410, 5412, 5414, 5416, 5418, 5420, 5422, 5424, 5426, 5428, 

20 5430, 5432, 5434, 5436, 5438, 5440, 5442, 5444, 5446, 5448, 5450, 5452, 5454, 5456, 5458, 5460, 5462, 5464, 5466, 
5468, 5470, 5472, 5474, 5476, 5478, 5480, 5482, 5484, 5486, 5488, 5490, 5492, 5494, 5496, 5498, 5500, 5502, 5504, 
5506, 5508, 5510, 5512, 5514, 5516, 5518, 5520, 5522, 5524, 5526, 5528, 5530, 5532, 5534, 5536, 5538, 5540, 5542, 
5544, 5546, 5548, 5550, 5552, 5554, 5556, 5558, 5560, 5562, 5564, 5566, 5568, 5570, 5572, 5574, 5576, 5578, 5580, 
5582, 5584, 5586, 5588, 5590, 5592, 5594, 5596, 5598, 5600, 5602, 5604, 5606, 5608, 5610, 5612, 5614, 5616, 5618, 

25 5620, 5622, 5624, 5626, 5628, 5630, 5632, 5634, 5636, 5638, 5640, 5642, 5644, 5646, 5648, 5650, 5652, 5654, 5656, 
5658, 5660, 5662, 5664, 5666, 5668, 5670, 5672, 5674, 5676, 5678, 5680, 5682, 5684, 5686, 5688, 5690, 5692, 5694, 
5696, 5698, 5700, 5702, 5704, 5706, 5708, 5710, 5712, 5714, 5716, 5718, 5720, 5722, 5724, 5726, 5728, 5730, 5732, 
5734, 5736, 5738, 5740, 5742, 5744, 5746, 5748, 5750, 5752, 5754, 5756, 5758, 5760, 5762, 5764, 5766, 5768, 5770, 
5772, 5774, 5776, 5778, 5780, 5782, 5784, 5786, 5788, 5790, 5792, 5794, 5796, 5798, 5800, 5802, 5804, 5806, 5808, 

30 5810, 5812, 5814, 5816, 5818, 5820, 5822, 5824, 5826, 5828, 5830, 5832, 5834, 5836, 5838, 5840, 5842, 5844, 5846, 
5848, 5850, 5852, 5854, 5856, 5858, 5860, 5862, 5864, 5866, 5868, 5870, 5872, 5874, 5876, 5878, 5880, 5882, 5884, 
5886, 5888, 5890, 5892, 5894, 5896, 5898, 5900, 5902, 5904, 5906, 5908, 5910, 5912, 5914, 5916, 5918, 5920, 5922, 
5924, 5926, 5928, 5930, 5932, 5934, 5936, 5938, 5940, 5942, 5944, 5946, 5948, 5950, 5952, 5954, 5956, 5958, 5960, 
5962, 5964, 5966, 5968, 5970, 5972, 5974, 5976, 5978, 5980, 5982, 5984, 5986, 5988, 5990, 5992, 5994, 5996, 5998, 

35 6000, 6002, 6004, 6006, 6008, 6010, 6012, 6014, 6016, 6018, 6020, 6022, 6024, 6026, 6028, 6030, 6032, 6034, 6036, 
6038, 6040, 6042, 6044, 6046, 6048, 6050, 6052, 6054, 6056, 6058, 6060, 6062, 6064, 6066, 6068, 6070, 6072, 6074, 
6076, 6078, 6080, 6082, 6084, 6086, 6088, 6090, 6092, 6094, 6096, 6098, 6100, 6102, 6104, 6106, 6108, 6110, 6112, 
6114, 6116, 6118, 6120, 6122, 6124, 6126, 6128, 6130, 6132, 6134, 6136, 6138, 6140, 6142, 6144, 6146, 6148, 6150, 
6152, 6154, 6156, 6158, 6160, 6162, 6164, 6166, 6168, 6170, 6172, 6174, 6176, 6178, 6180, 6182, 6184, 6186, 6188, 

40 6190, 6192, 6194, 6196, 6198, 6200, 6202, 6204, 6206, 6208, 6210, 6212, 6214, 6216, 6218, 6220, 6222, 6224, 6226, 
6228, 6230, 6232, 6234, 6236, 6238, 6240, 6242, 6244, 6246, 6248, 6250, 6252, 6254, 6256, 6258, 6260, 6262, 6264, 
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6266, 6268, 6270, 6272, 6274, 6276, 6278, 6280, 6282, 6284, 6286, 6288, 6290, 6292, 6294, 6296, 6298, 6300, 6302, 
6304, 6306, 6308, 6310, 6312, 6314, 6316, 6318, 6320, 6322, 6324, 6326, 6328, 6330, 6332, 6334, 6336, 6338, 6340, 
6342, 6344, 6346, 6348, 6350, 6352, 6354, 6356, 6358, 6360, 6362, 6364, 6366, 6368, 6370, 6372, 6374, 6376, 6378, 
6380, 6382, 6384, 6386, 6388, 6390, 6392, 6394, 6396, 6398, 6400, 6402, 6404, 6406, 6408, 6410, 6412, 6414, 6416, 
5 6418, 6420, 6422, 6424, 6426, 6428, 6430, 6432, 6434, 6436, 6438, 6440, 6442, 6444, 6446, 6448, 6450, 6452, 6454, 
6456, 6458, 6460, 6462, 6464, 6466, 6468, 6470, 6472, 6474, 6476, 6478, 6480, 6482, 6484, 6486, 6488, 6490, 6492, 
6494, 6496, 6498, 6500, 6502, 6504, 6506, 6508, 6510, 6512, 6514, 6516, 6518, 6520, 6522, 6524, 6526, 6528, 6530, 
6532, 6534, 6536, 6538, 6540, 6542, 6544, 6546, 6548, 6550, 6552, 6554, 6556, 6558, 6560, 6562, 6564, 6566, 6568, 
6570, 6572, 6574, 6576, 6578, 6580, 6582, 6584, 6586, 6588, 6590, 6592, 6594, 6596, 6598, 6600, 6602, 6604, 6606, 

10 6608, 6610, 6612, 6614, 6616, 6618, 6620, 6622, 6624, 6626, 6628, 6630, 6632, 6634, 6636, 6638, 6640, 6642, 6644, 
6646, 6648, 6650, 6652, 6654, 6656, 6658, 6660, 6662, 6664, 6666, 6668, 6670, 6672, 6674, 6676, 6678, 6680, 6682, 
6684, 6686, 6688, 6690, 6692, 6694, 6696, 6698, 6700, 6702, 6704, 6706, 6708, 6710, 6712, 6714, 6716, 6718, 6720, 
6722, 6724, 6726, 6728, 6730, 6732, 6734, 6736, 6738, 6740, 6742, 6744, 6746, 6748, 6750, 6752, 6754, 6756, 6758, 
6760, 6762, 6764, 6766, 6768, 6770, 6772, 6774, 6776, 6778, 6780, 6782, 6784, 6786, 6788, 6790, 6792, 6794, 6796, 

1 5 6798, 6800, 6802, 6804, 6806, 6808, 6810, 6812, 6814, 6816, 6818, 6820, 6822, 6824, 6826, 6828, 6830, 6832, 6834, 
6836, 6838, 6840, 6842, 6844, 6846, 6848, 6850, 6852, 6854, 6856, 6858, 6860, 6862, 6864, 6866, 6868, 6870, 6872, 
6874, 6876, 6878, 6880, 6882, 6884, 6886, 6888, 6890, 6892, 6894, 6896, 6898, 6900, 6902, 6904, 6906, 6908, 6910, 
6912, 6914, 6916, 6918, 6920, 6922, 6924, 6926, 6928, 6930, 6932, 6934, 6936, 6938, 6940, 6942, 6944, 6946, 6948, 
6950, 6952, 6954, 6956, 6958, 6960, 6962, 6964, 6966, 6968, 6970, 6972, 6974, 6976, 6978, 6980, 6982, 6984, 6986, 

20 6988, 6990, 6992, 6994, 6996, 6998, 7000, 7002, 7004, 7006, 7008, 7010, 7012, 7014, 7016, 7018, 7020, 7022, 7024, 
7026, 7028, 7030, 7032, 7034, 7036, 7038, 7040, 7042, 7044, 7046, 7048, 7050, 7052, 7054, 7056, 7058, 7060, 7062, 
7064, 7066, 7068, 7070, 7072, 7074, 7076, 7078, 7080, 7082, 7084, 7086, 7088, 7090, 7092, 7094, 7096, 7098, 7100, 
7102, 7104, 7106, 7108, 7110, 7112, 7114, 7116, 7118, 7120, 7122, 7124, 7126, 7128, 7130, 7132, 7134, 7136, 7138, 
7140, 7142, 7144, 7146, 7148, 7150, 7152, 7154, 7156, 7158, 7160, 7162, 7164, 7166, 7168, 7170, 7172, 7174, 7176, 

25 7178, 7180, 7182, 7184, 7186, 7188, 7190, 7192, 7194, 7196, 7198, 7200, 7202, 7204, 7206, 7208, 7210, 7212, 7214, 
7216, 7218, 7220, 7222, 7224, 7226, 7228, 7230, 7232, 7234, 7236, 7238, 7240, 7242, 7244, 7246, 7248, 7250, 7252, 
7254, 7256, 7258, 7260, 7262, 7264, 7266, 7268, 7270, 7272, 7274, 7276, 7278, 7280, 7282, 7284, 7286, 7288, 7290, 
7292, 7294, 7296, 7298, 7300, 7302, 7304, 7306, 7308, 7310, 7312, 7314, 7316, 7318, 7320, 7322, 7324, 7326, 7328, 
7330, 7332, 7334, 7336, 7338, 7340, 7342, 7344, 7346, 7348, 7350, 7352, 7354, 7356, 7358, 7360, 7362, 7364, 7366, 

30 7368, 7370, 7372, 7374, 7376, 7378, 7380, 7382, 7384, 7386, 7388, 7390, 7392, 7394, 7396, 7398, 7400, 7402, 7404, 
7406, 7408, 7410, 7412, 7414, 7416, 7418, 7420, 7422, 7424, 7426, 7428, 7430, 7432, 7434, 7436, 7438, 7440, 7442, 
7444, 7446, 7448, 7450, 7452, 7454, 7456, 7458, 7460, 7462, 7464, 7466, 7468, 7470, 7472, 7474, 7476, 7478, 7480, 
7482, 7484, 7486, 7488, 7490, 7492, 7494, 7496, 7498, 7500, 7502, 7504, 7506, 7508, 7510, 7512, 7514, 7516, 7518, 
7520, 7522, 7524, 7526, 7528, 7530, 7532, 7534, 7536, 7538, 7540, 7542, 7544, 7546, 7548, 7550, 7552, 7554, 7556, 

35 7558, 7560, 7562, 7564, 7566, 7568, 7570, 7572, 7574, 7576, 7578, 7580, 7582, 7584, 7586, 7588, 7590, 7592, 7594, 
7596, 7598, 7600, 7602, 7604, 7606, 7608, 7610, 7612, 7614, 7616, 7618, 7620, 7622, 7624, 7626, 7628, 7630, 7632, 
7634, 7636, 7638, 7640, 7642, 7644, 7646, 7648, 7650, 7652, 7654, 7656, 7658, 7660, 7662, 7664, 7666, 7668, 7670, 
7672, 7674, 7676, 7678, 7680, 7682, 7684, 7686, 7688, 7690, 7692, 7694, 7696, 7698, 7700, 7702, 7704, 7706, 7708, 
7710, 7712, 7714, 7716, 7718, 7720, 7722, 7724, 7726, 7728, 7730, 7732, 7734, 7736, 7738, 7740, 7742, 7744, 7746, 

40 7748, 7750, 7752, 7754, 7756, 7758, 7760, 7762, 7764, 7766, 7768, 7770, 7772, 7774, 7776, 7778, 7780, 7782, 7784, 
7786, 7788, 7790, 7792, 77M, 7796, 7798, 7800, 7802, 7804, 7806, 7808, 7810, 7812, 7814, 7816, 7818, 7820, 7822, 
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7824, 7826, 7828, 7830, 7832, 7834, 7836, 7838, 7840, 7842, 7844, 7846, 7848, 7850, 7852, 7854, 7856, 7858,' 7860, 
7862, 7864, 7866, 7868, 7870, 7872, 7874, 7876, 7878, 7880, 7882, 7884, 7886, 7888, 7890, 7892, 7894, 7896, 7898, 
7900, 7902, 7904, 7906, 7908, 7910, 7912, 7914, 7916, 7918, 7920, 7922, 7924, 7926, 7928, 7930, 7932, 7934, 7936, 
7938, 7940, 7942, 7944, 7946, 7948, 7950, 7952, 7954, 7956, 7958, 7960, 7962, 7964, 7966, 7968, 7970, 7972, 7974, 
5 7976, 7978, 7980, 7982, 7984, 7986, 7988, 7990, 7992, 7994, 7996, 7998, 8000, 8002, 8004, 8006, 8008, 8010, 8012, 
8014, 8016, 8018, 8020, 8022, 8024, 8026, 8028, 8030, 8032, 8034, 8036, 8038, 8040, 8042, 8044, 8046, 8048, 8050, 
8052, 8054, 8056, 8058, 8060, 8062, 8064, 8066, 8068, 8070, 8072, 8074, 8076, 8078, 8080, 8082, 8084, 8086, 8088, 
8090, 8092, 8094, 8096, 8098, 8100, 8102, 8104, 8106, 8108, 8110, 8112, 8114, 8116, 8118, 8120, 8122, 8124, 8126, 
8128, 8130, 8132, 8134, 8136, 8138, 8140, 8142, 8144, 8146, 8148, 8150, 8152, 8154, 8156, 8158, 8160, 8162, 8164, 

10 8166, 8168, 8170, 8172, 8174, 8176, 8178, 8180, 8182, 8184, 8186, 8188, 8190, 8192, 8194, 8196, 8198, 8200, 8202, 
8204, 8206, 8208, 8210, 8212, 8214, 8216, 8218, 8220, 8222, 8224, 8226, 8228, 8230, 8232, 8234, 8236, 8238, 8240, 
8242, 8244, 8246, 8248, 8250, 8252, 8254, 8256, 8258, 8260, 8262, 8264, 8266, 8268, 8270, 8272, 8274, 8276, 8278, 
8280, 8282, 8284, 8286, 8288, 8290, 8292, 8294, 8296, 8298, 8300, 8302, 8304, 8306, 8308, 8310, 8312, 8314, 8316, 
8318, 8320, 8322, 8324, 8326, 8328, 8330, 8332, 8334, 8336, 8338, 8340, 8342, 8344, 8346, 8348, 8350, 8352, 8354, 

15 8356, 8358, 8360, 8362, 8364, 8366, 8368, 8370, 8372, 8374, 8376, 8378, 8380, 8382, 8384, 8386, 8388, 8390, 8392, 
8394, 8396, 8398, 8400, 8402, 8404, 8406, 8408, 8410, 8412, 8414, 8416, 8418, 8420, 8422, 8424, 8426, 8428, 8430, 
8432, 8434, 8436, 8438, 8440, 8442, 8444, 8446, 8448, 8450, 8452, 8454, 8456, 8458, 8460, 8462, 8464, 8466, 8468, 
8470, 8472, 8474, 8476, 8478, 8480, 8482, 8484, 8486, 8488, 8490, 8492, 8494, 8496, 8498, 8500, 8502, 8504, 8506, 
8508, 8510, 8512, 8514, 8516, 8518, 8520, 8522, 8524, 8526, 8528, 8530, 8532, 8534, 8536, 8538, 8540, 8542, 8544, 

20 8546, 8548, 8550, 8552, 8554, 8556, 8558, 8560, 8562, 8564, 8566, 8568, 8570, 8572, 8574, 8576, 8578, 8580, 8582, 
8584, 8586, 8588, 8590, 8592, 8594, 8596, 8598, 8600, 8602, 8604, 8606, 8608, 8610, 8612, 8614, 8616, 8618, 8620, 
8622, 8624, 8626, 8628, 8630, 8632, 8634, 8636, 8638, 8640, 8642, 8644, 8646, 8648, 8650, 8652, 8654, 8656, 8658, 
8660, 8662, 8664, 8666, 8668, 8670, 8672, 8674, 8676, 8678, 8680, 8682, 8684, 8686, 8688, 8690, 8692, 8694, 8696, 
8698, 8700, 8702, 8704, 8706, 8708, 8710, 8712, 8714, 8716, 8718, 8720, 8722, 8724, 8726, 8728, 8730, 8732, 8734, 

25 8736, 8738, 8740, 8742, 8744, 8746, 8748, 8750, 8752, 8754, 8756, 8758, 8760, 8762, 8764, 8766, 8768, 8770, 8772, 
8774, 8776, 8778, 8780, 8782, 8784, 8786, 8788, 8790, 8792, 8794, 8796, 8798, 8800, 8802, 8804, 8806, 8808, 8810, 
8812, 8814, 8816, 8818, 8820, 8822, 8824, 8826, 8828, 8830, 8832, 8834, 8836, 8838, 8840, 8842, 8844, 8846, 8848, 
8850, 8852, 8854, 8856, 8858, 8860, 8862, 8864, 8866, 8868, 8870, 8872, 8874, 8876, 8878, 8880, 8882, 8884, 8886, 
8888, 8890, 8892, 8894, 8896, 8898, 8900, 8902, 8904, 8906, 8908, 8910, 8912, 8914, 8916, 8918, 8920, 8922, 8924, 

30 8926, 8928, 8930, 8932, 8934, 8936, 8938, 8940, 8942, 8944, 8946, 8948, 8950, 8952, 8954, 8956, 8958, 8960, 8962, 
8964, 8966, 8968, 8970, 8972, 8974, 8976, 8978, 8980, 8982, 8984, 8986, 8988, 8990, 8992, 8994, 8996, 8998, 9000, 
9002, 9004, 9006, 9008, 9010, 9012, 9014, 9016, 9018, 9020, 9022, 9024, 9026, 9028, 9030, 9032, 9034, 9036, 9038, 
9040, 9042, 9044, 9046, 9048, 9050, 9052, 9054, 9056, 9058, 9060, 9062, 9064, 9066, 9068, 9070, 9072, 9074, 9076, 
9078, 9080, 9082, 9084, 9086, 9088, 9090, 9092, 9094, 9096, 9098, 9100, 9102, 9104, 9106, 9108, 9110, 9112, 9114, 

35 9116, 9118, 9120, 9122, 9124, 9126, 9128, 9130, 9132, 9134, 9136, 9138, 9140, 9142, 9144, 9146, 9148, 9150, 9152, 
9154, 9156, 9158, 9160, 9162, 9164, 9166, 9168, 9170, 9172, 9174, 9176, 9178, 9180, 9182, 9184, 9186, 9188, 9190, 
9192, 9194, 9196, 9198, 9200, 9202, 9204, 9206, 9208, 9210, 9212, 9214, 9216, 9218, 9220, 9222, 9224, 9226, 9228, 
9230, 9232, 9234, 9236, 9238, 9240, 9242, 9244, 9246, 9248, 9250, 9252, 9254, 9256, 9258, 9260, 9262, 9264, 9266, 
9268, 9270, 9272, 9274, 9276, 9278, 9280, 9282, 9284, 9286, 9288, 9290, 9292, 9294, 9296, 9298, 9300, 9302, 9304, 

40 9306, 9308, 9310, 9312, 9314, 9316, 9318, 9320, 9322, 9324, 9326, 9328, 9330, 9332, 9334, 9336, 9338, 9340, 9342, 
9344, 9346, 9348, 9350, 9352, 9354, 9356, 9358, 9360, 9362, 9364, 9366, 9368, 9370, 9372, 9374, 9376, 9378, 9380, 
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9382, 9384, 9386, 9388, 9390, 9392, 9394, 9396, 9398, 9400, 9402, 9404, 9406, 9408, 9410, 9412, 9414, 9416, 9418, 
9420, 9422, 9424, 9426, 9428, 9430, 9432, 9434, 9436, 9438, 9440, 9442, 9444, 9446, 9448, 9450, 9452, 9454, 9456, 
9458, 9460, 9462, 9464, 9466, 9468, 9470, 9472, 9474, 9476, 9478, 9480, 9482, 9484, 9486, 9488, 9490, 9492, 9494, 
9496, 9498, 9500, 9502, 9504, 9506, 9508, 9510, 9512, 9514, 9516, 9518, 9520, 9522, 9524, 9526, 9528, 9530, 9532, 
5 9534, 9536, 9538, 9540, 9542, 9544, 9546, 9548, 9550, 9552, 9554, 9556, 9558, 9560, 9562, 9564, 9566, 9568, 9570, 
9572, 9574, 9576, 9578, 9580, 9582, 9584, 9586, 9588, 9590, 9592, 9594, 9596, 9598, 9600, 9602, 9604, 9606, 9608, 
9610, 9612, 9614, 9616, 9618, 9620, 9622, 9624, 9626, 9628, 9630, 9632, 9634, 9636, 9638, 9640, 9642, 9644, 9646, 
9648, 9650, 9652, 9654, 9656, 9658, 9660, 9662, 9664, 9666, 9668, 9670, 9672, 9674, 9676, 9678, 9680, 9682, 9684, 
9686, 9688, 9690, 9692, 9694, 9696, 9698, 9700, 9702, 9704, 9706, 9708, 9710, 9712, 9714, 9716, 9718, 9720, 9722, 

10 9724, 9726, 9728, 9730, 9732, 9734, 9736, 9738, 9740, 9742, 9744, 9746, 9748, 9750, 9752, 9754, 9756, 9758, 9760, 
9762, 9764, 9766, 9768, 9770, 9772, 9774, 9776, 9778, 9780, 9782, 9784, 9786, 9788, 9790, 9792, 9794, 9796, 9798, 
9800, 9802, 9804, 9806, 9808, 9810, 9812, 9814, 9816, 9818, 9820, 9822, 9824, 9826, 9828, 9830, 9832, 9834, 9836, 
9838, 9840, 9842, 9844, 9846, 9848, 9850, 9852, 9854, 9856, 9858, 9860, 9862, 9864, 9866, 9868, 9870, 9872, 9874, 
9876, 9878, 9880, 9882, 9884, 9886, 9888, 9890, 9892, 9894, 9896, 9898, 9900, 9902, 9904, 9906, 9908, 9910, 9912, 

1 5 9914, 9916, 9918, 9920, 9922, 9924, 9926, 9928, 9930, 9932, 9934, 9936, 9938, 9940, 9942, 9944, 9946, 9948, 9950, 
9952, 9954, 9956, 9958, 9960, 9962, 9964, 9966, 9968, 9970, 9972, 9974, 9976, 9978, 9980, 9982, 9984, 9986, 9988, 
9990, 9992, 9994, 9996, 9998, 10000, 10002, 10004, 10006, 10008, 10010, 10012, 10014, 10016, 10018, 10020, 10022, 
10024, 10026, 10028, 10030, 10032, 10034, 10036, 10038, 10040, 10042, 10044, 10046, 10048, 10050, 10052, 10054, 
10056, 10058, 10060, 10062, 10064, 10066, 10068, 10070, 10072, 10074, 10076, 10078, 10080, 10082, 10084, 10086, 

20 10088, 10090, 10092, 10094, 10096, 10098, 10100, 10102, 10104, 10106, 10108, 10110, 10112, 10114, 10116, 10118, 
10120, 10122, 10124, 10126, 10128, 10130, 10132, 10134, 10136, 10138, 10140, 10142, 10144, 10146, 10148, 10150, 
10152, 10154, 10156, 10158, 10160, 10162, 10164, 10166, 10168, 10170, 10172, 10174, 10176,10178, 10180, 10182, 
10184, 10186, 10188, 10190, 10192, 10194, 10196, 10198, 10200, 10202, 10204, 10206, 10208, 10210, 10212, 10214, 
10216, 10218, 10220, 10222, 10224, 10226, 10228, 10230, 10232, 10234, 10236, 10238, 10240, 10242, 10244, 10246, 

25 10248, 10250, 10252, 10254, 10256, 10258, 10260, 10262, 10264, 10266, 10268, 10270, 10272, 10274, 10276, 10278, 
10280, 10282, 10284, 10286, 10288, 10290, 10292, 10294, 10296, 10298, 10300, 10302, 10304, 10306, 10308, 10310, 
10312, 10314, 10316, 10318, 10320, 10322, 10324, 10326, 10328, 10330, 10332, 10334, 10336, 10338, 10340, 10342, 
10344, 10346, 10348, 10350, 10352, 10354, 10356, 10358, 10360, 10362, 10364, 10366, 10368, 10370, 10372, 10374, 
10376, 10378, 10380, 10382, 10384, 10386, 10388, 10390, 10392, 10394, 10396, 10398, 10400, 10402, 10404, 10406, 

30 10408, 10410, 10412, 10414, 10416, 10418, 10420, 10422, 10424, 10426, 10428, 10430, 10432, 10434, 10436, 10438, 
10440, 10442, 10444, 10446, 10448, 10450, 10452, 10454, 10456, 10458, 10460, 10462, 10464, 10466, 10468, 10470, 
10472, 10474, 10476, 10478, 10480, 10482, 10484, 10486, 10488, 10490, 10492, 10494, 10496, 10498, 10500, 10502, 
10504, 10506, 10508, 10510, 10512, 10514, 10516, 10518, 10520, 10522, 10524, 10526, 10528, 10530, 10532, 10534, 
10536, 10538, 10540, 10542, 10544, 10546, 10548, 10550, 10552, 10554, 10556, 10558, 10560, 10562, 10564, 10566, 

35 10568, 10570, 10572, 10574, 10576, 10578, 10580, 10582, 10584, 10586, 10588, 10590, 10592, 10594, 10596, 10598, 
10600, 10602, 10604, 10606, 10608, 10610, 10612, 10614, 10616, 10618, 10620, 10622, 10624, 10626, 10628, 10630, 
10632, 10634, 10636, 10638, 10640, 10642, 10644, 10646, 10648, 10650, 10652, 10654, 10656, 10658, 10660, 10662, 
10664, 10666, 10668, 10670, 10672, 10674, 10676, 10678, 10680, 10682, 10684, 10686, 10688, 10690, 10692, 10694, 
10696, 10698, 10700, 10702, 10704, 10706, 10708, 10710, 10712, 10714, 10716, 10718, 10720, 10722, 10724, 10726, 

40 10728, 10730, 10732, 10734, 10736, 10738, 10740, 10742, 10744, 10746, 10748, 10750, 10752, 10754, 10756, 10758, 
10760, 10762, 10764, 10766, 10768, 10770, 10772, 10774, 10776, 10778, 1O780, 10782, 10784, 10786, 10788, 10790, 
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10792, 10794, 10796, 10798, 10800, 10802, 10804, 10806, 10808, 10810, 10812, 10814, 10816, 10818, 10820, 10822, 
10824, 10826, 10828, 10830, 10832, 10834, 10836, 10838, 10840, 10842, 10844, 10846, 10848, 10850, 10852, 10854, 
10856, 10858, 10860, 10862, 10864, 10866, 10868, 10870, 10872, 10874, 10876, 10878, 10880, 10882, 10884, 10886, 
10888, 10890, 10892, 10894, 10896, 10898, 10900, 10902, 10904, 10906, 10908, 10910, 10912, 10914, 10916, 10918, 
5 10920, 10922, 10924, 10926, 10928, 10930, 10932, 10934, 10936, 10938, 10940, 10942, 10944, 10946, 10948, 10950, 
10952, 10954, 10956, 10958, 10960, 10962, 10964 and 10966. 

4. An antibody which binds to a protein according to any one of claims 1 to 3. 

5. The antibo^ of claim 4, wherein said antibody is a monoclonal antibocfy, a chimeric antibody, a humanised antibody, or a 
My human antibocfy. 

10 6. A nucleic add molecule which encodes a protein according to any one of daims 1 to 3. 

7. A nucleic add molecule according to claim 6, comprising a nucleotide sequence selected from the group consisting of SEQ 
E)s 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 
67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 
123, 125, 127, 129, 131, 133, 135, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165, 167, 169, 

15 171, 173, 175, 177, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197, 199, 201, 203, 205, 207, 209, 21 1, 213, 215, 217, 
219, 221, 223, 225, 227, 229, 231, 233, 235, 237, 239, 241, 243, 245, 247, 249, 251, 253, 255, 257, 259, 261, 263, 265, 
267, 269, 271, 273, 275, 277, 279, 281, 283, 285, 287, 289, 291, 293, 295, 297, 299, 301, 303, 305, 307, 309, 311, 313, 
315, 317, 319, 321, 323, 325, 327, 329, 331, 333, 335, 337, 339, 341, 343, 345, 347, 349, 351, 353, 355, 357, 359, 361, 
363, 365, 367, 369, 371, 373, 375, 377, 379, 381, 383, 385, 387, 389, 391, 393, 395, 397, 399, 401, 403, 405, 407, 409, 

20 411, 413, 415, 417, 419, 421, 423, 425, 427, 429, 431, 433, 435, 437, 439, 441, 443, 445, 447, 449, 451, 453, 455, 457, 
459, 461, 463, 465, 467, 469, 471, 473, 475, 477, 479, 481, 483, 485, 487, 489, 491, 493, 495, 497, 499, 501, 503, 505, 
507, 509, 511, 513, 515, 517, 519, 521, 523, 525, 527, 529, 531, 533, 535, 537, 539, 541, 543, 545, 547, 549, 551, 553, 
555, 557, 559, 561, 563, 565, 567, 569, 571, 573, 575, 577, 579, 581, 583, 585, 587, 589, 591, 593, 595, 597, 599, 601, 
603, 605, 607, 609, 611, 613, 615, 617, 619, 621, 623, 625, 627, 629, 631, 633, 635, 637, 639, 641, 643, 645, 647, 649, 

25 651, 653, 655, 657, 659, 661, 663, 665, 667, 669, 671, 673, 675, 677, 679, 681, 683, 685, 687, 689, 691, 693, 695, 697, 
699, 701, 703, 705, 707, 709, 711, 713, 715, 717, 719, 721, 723, 725, 727, 729, 731, 733, 735, 737, 739, 741, 743, 745, 
747, 749, 751, 753, 755, 757, 759, 761, 763, 765, 767, 769, 771, 773, 775, 777, 779, 781, 783, 785, 787, 789, 791, 793, 
795, 797, 799, 801, 803, 805, 807, 809, 811, 813, 815, 817, 819, 821, 823, 825, 827, 829, 831, 833, 835, 837, 839, 841, 
843, 845, 847, 849, 851, 853, 855, 857, 859, 861, 863, 865, 867, 869, 871, 873, 875, 877, 879, 881, 883, 885, '887, 889, 

30 891, 893, 895, 897, 899, 901, 903, 905, 907, 909, 911, 913, 915, 917, 919, 921, 923, 925, 927, 929, 931, 933, 935, 937, 
939, 941, 943, 945, 947, 949, 951, 953, 955, 957, 959, 961, 963, 965, 967, 969, 971, 973, 975, 977, 979, 981, 983, 985, 
987, 989, 991, 993, 995, 997, 999, 1001, 1003, 1005, 1007, 1009, 1011, 1013, 1015, 1017, 1019, 1021, 1023, 1025, 
1027, 1029, 1031, 1033, 1035, 1037, 1039, 1041, 1043, 1045, 1047, 1049, 1051, 1053, 1055, 1057, 1059, 1061, 1063, 
1065, 1067, 1069, 1071, 1073, 1075, 1077, 1079, 1081, 1083, 1085, 1087, 1089, 1091, 1093, 1095, 1097, 1099, 1101, 

35 1103, 1105, 1107, 1109, 1111, 1113, 1115, 1117, 1119, 1121, 1123, 1125, 1127, 1129, 1131, 1133, 1135, 1137, 1139, 
1141, 1143, 1145, 1147, 1149, 1151, 1153, 1155, 1157, 1159, 1161, 1163, 1165, 1167, 1169, 1171, 1173, 1175, 1177, 
1179, 1181, 1183, 1185, 1187, 1189, 1191, 1193, 1195, 1197, 1199, 1201, 1203, 1205, 1207, 1209, 1211, 1213, 1215, 
1217, 1219, 1221, 1223, 1225, 1227, 1229, 1231, 1233, 1235, 1237, 1239, 1241, 1243, 1245, 1247, 1249, 1251, 1253, 
1255, 1257, 1259, 1261, 1263, 1265, 1267, 1269, 1271, 1273, 1275, 1277, 1279, 1281, 1283, 1285, 1287, 1289, 1291, 

40 1293, 1295, 1297, 1299, 1301, 1303, 1305, 1307, 1309, 1311, 1313, 1315, 1317, 1319, 1321, 1323, 1325, 1327, 1329, 
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1331, 1333, 1335, 1337, 1339, 1341, 1343, 1345, 1347, 1349, 1351, 1353, 1355, 1357, 1359, 1361, 1363, 1365, 1367, 
1369, 1371, 1373, 1375, 1377, 1379, 1381, 1383, 1385, 1387, 1389, 1391, 1393, 1395, 1397, 1399, 1401, 1403, 1405, 
1407, 1409, 1411, 1413, 1415, 1417, 1419, 1421, 1423, 1425, 1427, 1429, 1431, 1433, 1435, 1437, 1439, 1441, 1443, 
1445, 1447, 1449, 1451, 1453, 1455, 1457, 1459, 1461, 1463, 1465, 1467, 1469, 1471, 1473, 1475, 1477, 1479, 1481, 
5 1483, 1485, 1487, 1489, 1491, 1493, 1495, 1497, 1499, 1501, 1503, 1505, 1507, 1509, 1511, 1513, 1515, 1517, 1519, 
1521, 1523, 1525, 1527, 1529, 1531, 1533, 1535, 1537, 1539, 1541, 1543, 1545, 1547, 1549, 1551, 1553, 1555, 1557, 
1559, 1561, 1563, 1565, 1567, 1569, 1571, 1573, 1575, 1577, 1579, 1581, 1583, 1585, 1587, 1589, 1591, 1593, 1595, 
1597, 1599, 1601, 1603, 1605, 1607, 1609, 1611, 1613, 1615, 1617, 1619, 1621, 1623, 1625, 1627, 1629, 1631, 1633, 
1635, 1637, 1639, 1641, 1643, 1645, 1647, 1649, 1651, 1653, 1655, 1657, 1659, 1661, 1663, 1665, 1667, 1669, 1671, 

10 1673, 1675, 1677, 1679, 1681, 1683, 1685, 1687, 1689, 1691, 1693, 1695, 1697, 1699, 1701, 1703, 1705, 1707, 1709, 
1711, 1713, 1715, 1717, 1719, 1721, 1723, 1725, 1727, 1729, 1731, 1733, 1735, 1737, 1739, 1741, 1743, 1745, 1747, 
1749, 1751, 1753, 1755, 1757, 1759, 1761, 1763, 1765, 1767, 1769, 1771, 1773, 1775, 1777, 1779, 1781, 1783, 1785, 
1787, 1789, 1791, 1793, 1795, 1797, 1799, 1801, 1803, 1805, 1807, 1809, 1811, 1813, 1815, 1817, 1819, 1821, 1823, 
1825, 1827, 1829, 1831, 1833, 1835, 1837, 1839, 1841, 1843, 1845, 1847, 1849, 1851, 1853, 1855, 1857, 1859, 1861, 

15 1863, 1865, 1867, 1869, 1871, 1873, 1875, 1877, 1879, 1881, 1883, 1885, 1887, 1889, 1891, 1893, 1895, 1897, 1899, 
1901, 1903, 1905, 1907, 1909, 1911, 1913, 1915, 1917, 1919, 1921, 1923, 1925, 1927, 1929, 1931, 1933, 1935, 1937, 
1939, 1941, 1943, 1945, 1947, 1949, 1951, 1953, 1955, 1957, 1959, 1961, 1963, 1965, 1967, 1969, 1971, 1973, 1975, 
1977, 1979, 1981, 1983, 1985, 1987, 1989, 1991, 1993, 1995, 1997, 1999, 2001, 2003, 2005, 2007, 2009, 2011, 2013, 
2015, 2017, 2019, 2021, 2023, 2025, 2027, 2029, 2031, 2033, 2035, 2037, 2039, 2041, 2043, 2045, 2047, 2049, 2051, 

20 2053, 2055, 2057, 2059, 2061, 2063, 2065, 2067, 2069, 2071, 2073, 2075, 2077, 2079, 2081, 2083, 2085, 2087, 2089, 
2091, 2093, 2095, 2097, 2099, 2101, 2103, 2105, 2107, 2109, 2111, 2113, 2115, 2117, 2119, 2121, 2123, 2125, 2127, 
2129, 2131, 2133, 2135, 2137, 2139, 2141, 2143, 2145, 2147, 2149, 2151, 2153, 2155, 2157, 2159, 2161, 2163, 2165, 
2167, 2169, 2171, 2173, 2175, 2177, 2179, 2181, 2183, 2185, 2187, 2189, 2191, 2193, 2195, 2197, 2199, 2201, 2203, 
2205, 2207, 2209, 2211, 2213, 2215, 2217, 2219, 2221, 2223, 2225, 2227, 2229, 2231, 2233, 2235, 2237, 2239, 2241, 

25 2243, 2245, 2247, 2249, 2251, 2253, 2255, 2257, 2259, 2261, 2263, 2265, 2267, 2269, 2271, 2273, 2275, 2277, 2279, 
2281, 2283, 2285, 2287, 2289, 2291, 2293, 2295, 2297, 2299, 2301, 2303, 2305, 2307, 2309, 2311, 2313, 2315, 2317, 
2319, 2321, 2323, 2325, 2327, 2329, 2331, 2333, 2335, 2337, 2339, 2341, 2343, 2345, 2347, 2349, 2351, 2353, 2355, 
2357, 2359, 2361, 2363, 2365, 2367, 2369, 2371, 2373, 2375, 2377, 2379, 2381, 2383, 2385, 2387, 2389, 2391, 2393, 
2395, 2397, 2399, 2401, 2403, 2405, 2407, 2409, 2411, 2413, 2415, 2417, 2419, 2421, 2423, 2425, 2427, 2429, 2431, 

30 2433, 2435, 2437, 2439, 2441, 2443, 2445, 2447, 2449, 2451, 2453, 2455, 2457, 2459, 2461, 2463, 2465, 2467, 2^69, 
2471, 2473, 2475, 2477, 2479, 2481, 2483, 2485, 2487, 2489, 2491, 2493, 2495, 2497, 2499, 2501, 2503, 2505, 2507, 
2509, 2511, 2513, 2515, 2517, 2519, 2521, 2523, 2525, 2527, 2529, 2531, 2533, 2535, 2537, 2539, 2541, 2543, 2545, 
2547, 2549, 2551, 2553, 2555, 2557, 2559, 2561, 2563, 2565, 2567, 2569, 2571, 2573, 2575, 2577, 2579, 2581, 2583, 
2585, 2587, 2589, 2591, 2593, 2595, 2597, 2599, 2601, 2603, 2605, 2607, 2609, 2611, 2613, 2615, 2617, 2619, 2621, 

35 2623, 2625, 2627, 2629, 2631, 2633, 2635, 2637, 2639, 2641, 2643, 2645, 2647, 2649, 2651, 2653, 2655, 2657, 2659, 
2661, 2663, 2665, 2667, 2669, 2671, 2673, 2675, 2677, 2679, 2681, 2683, 2685, 2687, 2689, 2691, 2693, 2695, 2697, 
2699, 2701, 2703, 2705, 2707, 2709, 2711, 2713, 2715, 2717, 2719, 2721, 2723, 2725, 2727, 2729, 2731, 2733, 2735, 
2737, 2739, 2741, 2743, 2745, 2747, 2749, 2751, 2753, 2755, 2757, 2759, 2761, 2763, 2765, 2767, 2769, 2771, 2773, 
2775, 2777, 2779, 2781, 2783, 2785, 2787, 2789, 2791, 2793, 2795, 2797, 2799, 2801, 2803, 2805, 2807, 2809, 2811, 

40 2813, 2815, 2817, 2819, 2821, 2823, 2825, 2827, 2829, 2831, 2833, 2835, 2837, 2839, 2841, 2843, 2845, 2847, 2849, 
2851, 2853, 2855, 2857, 2859, 2861, 2863, 2865, 2867, 2869, 2871, 2873, 2875, 2877, 2879, 2881, 2883, 2885, 2887, 
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2889, 2891, 2893, 2895, 2897, 2899, 2901, 2903, 2905, 2907, 2909, 2911, 2913, 2915, 2917, 2919, 2921, 2923, 2925, 
2927, 2929, 2931, 2933, 2935, 2937, 2939, 2941, 2943, 2945, 2947, 2949, 2951, 2953, 2955, 2957, 2959, 2961, 2963, 
2965, 2967, 2969, 2971, 2973, 2975, 2977, 2979, 2981, 2983, 2985, 2987, 2989, 2991, 2993, 2995, 2997, 2999, 3001, 
3003, 3005, 3007, 3009, 3011, 3013, 3015, 3017, 3019, 3021, 3023, 3025, 3027, 3029, 3031, 3033, 3035, 3037, 3039, 
5 3041, 3043, 3045, 3047, 3049, 3051, 3053, 3055, 3057, 3059, 3061, 3063, 3065, 3067, 3069, 3071, 3073, 3075, 3077, 
3079, 3081, 3083, 3085, 3087, 3089, 3091, 3093, 3095, 3097, 3099, 3101, 3103, 3105, 3107, 3109, 3111, 3113, 3115, 
3117, 3119, 3121, 3123, 3125, 3127, 3129, 3131, 3133, 3135, 3137, 3139, 3141, 3143, 3145, 3147, 3149, 3151, 3153, 
3155, 3157, 3159, 3161, 3163, 3165, 3167, 3169, 3171, 3173, 3175, 3177, 3179, 3181, 3183, 3185, 3187, 3189, 3191, 
3193, 3195, 3197, 3199, 3201, 3203, 3205, 3207, 3209, 3211, 3213, 3215, 3217, 3219, 3221, 3223, 3225, 3227, 3229, 

10 3231, 3233, 3235, 3237, 3239, 3241, 3243, 3245, 3247, 3249, 3251, 3253, 3255, 3257, 3259, 3261, 3263, 3265, 3267, 
3269, 3271, 3273, 3275, 3277, 3279, 3281, 3283, 3285, 3287, 3289, 3291, 3293, 3295, 3297, 3299, 3301, 3303, 3305, 
3307, 3309, 3311, 3313, 3315, 3317, 3319, 3321, 3323, 3325, 3327, 3329, 3331, 3333, 3335, 3337, 3339, 3341, 3343, 
3345, 3347, 3349, 3351, 3353, 3355, 3357, 3359, 3361, 3363, 3365, 3367, 3369, 3371, 3373, 3375, 3377, 3379, 3381, 
3383, 3385, 3387, 3389, 3391, 3393, 3395, 3397, 3399, 3401, 3403, 3405, 3407, 3409, 3411, 3413, 3415, 3417, 3419, 

15 3421, 3423, 3425, 3427, 3429, 3431, 3433, 3435, 3437, 3439, 3441, 3443, 3445, 3447, 3449, 3451, 3453, 3455, 3457, 
3459, 3461, 3463, 3465, 3467, 3469, 3471, 3473, 3475, 3477, 3479, 3481, 3483, 3485, 3487, 3489, 3491, 3493, 3495, 
3497, 3499, 3501, 3503, 3505, 3507, 3509, 3511, 3513, 3515, 3517, 3519, 3521, 3523, 3525, 3527, 3529, 3531, 3533, 
3535, 3537, 3539, 3541, 3543, 3545, 3547, 3549, 3551, 3553, 3555, 3557, 3559, 3561, 3563, 3565, 3567, 3569, 3571, 
3573, 3575, 3577, 3579, 3581, 3583, 3585, 3587, 3589, 3591, 3593, 3595, 3597, 3599, 3601, 3603, 3605, 3607, 3609, 

20 3611, 3613, 3615, 3617, 3619, 3621, 3623, 3625, 3627, 3629, 3631, 3633, 3635, 3637, 3639, 3641, 3643, 3645, 3647, 
3649, 3651, 3653, 3655, 3657, 3659, 3661, 3663, 3665, 3667, 3669, 3671, 3673, 3675, 3677, 3679, 3681, 3683, 3685, 
3687, 3689, 3691, 3693, 3695, 3697, 3699, 3701, 3703, 3705, 3707, 3709, 3711, 3713, 3715, 3717, 3719, 3721, 3723, 
3725, 3727, 3729, 3731, 3733, 3735, 3737, 3739, 3741, 3743, 3745, 3747, 3749, 3751, 3753, 3755, 3757, 3759, 3761, 
3763, 3765, 3767, 3769, 3771, 3773, 3775, 3777, 3779, 3781, 3783, 3785, 3787, 3789, 3791, 3793, 3795, 3797, 3799, 

25 3801, 3803, 3805, 3807, 3809, 3811, 3813, 3815, 3817, 3819, 3821, 3823, 3825, 3827, 3829, 3831, 3833, 3835, 3837, 
3839, 3841, 3843, 3845, 3847, 3849, 3851, 3853, 3855, 3857, 3859, 3861, 3863, 3865, 3867, 3869, 3871, 3873, 3875, 
3877, 3879, 3881, 3883, 3885, 3887, 3889, 3891, 3893, 3895, 3897, 3899, 3901, 3903, 3905, 3907, 3909, 3911, 3913, 
3915, 3917, 3919, 3921, 3923, 3925, 3927, 3929, 3931, 3933, 3935, 3937, 3939, 3941, 3943, 3945, 3947, 3949, 3951, 
3953, 3955, 3957, 3959, 3961, 3963, 3965, 3967, 3969, 3971, 3973, 3975, 3977, 3979, 3981, 3983, 3985, 3987, 3989, 

30 3991, 3993, 3995, 3997, 3999, 4001, 4003, 4005, 4007, 4009, 4011, 4013, 4015, 4017, 4019, 4021, 4023, 4025, 4027, 
4029, 4031, 4033, 4035, 4037, 4039, 4041, 4043, 4045, 4047, 4049, 4051, 4053, 4055, 4057, 4059, 4061, 4063, 4065, 
4067, 4069, 4071, 4073, 4075, 4077, 4079, 4081, 4083, 4085, 4087, 4089, 4091, 4093, 4095, 4097, 4099, 4101, 4103, 
4105, 4107, 4109, 4111, 4113, 4115, 4117, 4119, 4121, 4123, 4125, 4127, 4129, 4131, 4133, 4135, 4137, 4139, 4141, 
4143, 4145, 4147, 4149, 4151, 4153, 4155, 4157, 4159, 4161, 4163, 4165, 4167, 4169, 4171, 4173, 4175, 4177, 4179, 

35 4181, 4183, 4185, 4187, 4189, 4191, 4193, 4195, 4197, 4199, 4201, 4203, 4205, 4207, 4209, 4211, 4213, 4215, 4217, 
4219, 4221, 4223, 4225, 4227, 4229, 4231, 4233, 4235, 4237, 4239, 4241, 4243, 4245, 4247, 4249, 4251, 4253, 4255, 
4257, 4259, 4261, 4263, 4265, 4267, 4269, 4271, 4273, 4275, 4277, 4279, 4281, 4283, 4285, 4287, 4289, 4291, 4293, 
4295, 4297, 4299, 4301, 4303, 4305, 4307, 4309, 4311, 4313, 4315, 4317, 4319, 4321, 4323, 4325, 4327, 4329, 4331, 
4333, 4335, 4337, 4339, 4341, 4343, 4345, 4347, 4349, 4351, 4353, 4355, 4357, 4359, 4361, 4363, 4365, 4367, 4369, 

40 4371, 4373, 4375, 4377, 4379, 4381, 4383, 4385, 4387, 4389, 4391, 4393, 4395, 4397, 4399, 4401, 4403, 4405, 4407, 
4409, 4411, 4413, 4415, 4417, 4419, 4421, 4423, 4425, 4427, 4429, 4431, 4433, 4435, 4437, 4439, 4441, 4443, 4445, 
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4447, 4449, 4451, 4453, 4455, 4457, 4459, 4461, 4463, 4465, 4467, 4469, 4471, 4473, 4475, 4477, 4479, 4481, 4483, 
4485, 4487, 4489, 4491, 4493, 4495, 4497, 4499, 4501, 4503, 4505, 4507, 4509, 4511, 4513, 4515, 4517, 4519, 4521, 
4523, 4525, 4527, 4529, 4531, 4533, 4535, 4537, 4539, 4541, 4543, 4545, 4547, 4549, 4551, 4553, 4555, 4557, 4559, 
4561, 4563, 4565, 4567, 4569, 4571, 4573, 4575, 4577, 4579, 4581, 4583, 4585, 4587, 4589, 4591, 4593, 4595, 4597, 
5 4599, 4601, 4603, 4605, 4607, 4609, 4611, 4613, 4615, 4617, 4619, 4621, 4623, 4625, 4627, 4629, 4631, 4633, 4635, 
4637, 4639, 4641, 4643, 4645, 4647, 4649, 4651, 4653, 4655, 4657, 4659, 4661, 4663, 4665, 4667, 4669, 4671, 4673, 
4675, 4677, 4679, 4681, 4683, 4685, 4687, 4689, 4691, 4693, 4695, 4697, 4699, 4701, 4703, 4705, 4707, 4709, 4711, 
4713, 4715, 4717, 4719, 4721, 4723, 4725, 4727, 4729, 4731, 4733, 4735, 4737, 4739, 4741, 4743, 4745, 4747, 4749, 
4751, 4753, 4755, 4757, 4759, 4761, 4763, 4765, 4767, 4769, 4771, 4773, 4775, 4777, 4779, 4781, 4783, 4785, 4787, 

10 4789, 4791, 4793, 4795, 4797, 4799, 4801, 4803, 4805, 4807, 4809, 481 1, 4813, 4815, 4817, 4819, 4821, 4823, 4825, 
4827, 4829, 4831, 4833, 4835, 4837, 4839, 4841, 4843, 4845, 4M7, 4849, 4851, 4853, 4855, 4857, 4859, 4861, 4863, 
4865, 4867, 4869, 4871, 4873, 4875, 4877, 4879, 4881, 4883, 4885, 4887, 4889, 4891, 4893, 4895, 4897, 4899, 4901, 
4903, 4905, 4907, 4909, 4911, 4913, 4915, 4917, 4919, 4921, 4923, 4925, 4927, 4929, 4931, 4933, 4935, 4937, 4939, 
4941, 4943, 4945, 4947, 4949, 4951, 4953, 4955, 4957, 4959, 4961, 4963, 4965, 4967, 4969, 4971, 4973, 4975, 4977, 

15 4979, 4981, 4983, 4985, 4987, 4989, 4991, 4993, 4995, 4997, 4999, 5001, 5003, 5005, 5007, 5009, 5011, 5013, 5015, 
5017, 5019, 5021, 5023, 5025, 5027, 5029, 5031, 5033, 5035, 5037, 5039, 5041, 5043, 5045, 5047, 5049, 5051, 5053, 
5055, 5057, 5059, 5061, 5063, 5065, 5067, 5069, 5071, 5073, 5075, 5077, 5079, 5081, 5083, 5085, 5087, 5089, 5091, 
5093, 5095, 5097, 5099, 5101, 5103, 5105, 5107, 5109, 5111, 5113, 5115, 5117, 5119, 5121, 5123, 5125, 5127, 5129, 
5131, 5133, 5135, 5137, 5139, 5141, 5143, 5145, 5147, 5149, 5151, 5153, 5155, 5157, 5159, 5161, 5163, 5165, 5167, 

20 5169, 5171, 5173, 5175, 5177, 5179, 5181, 5183, 5185, 5187, 5189, 5191, 5193, 5195, 5197, 5199, 5201, 5203, 5205, 
5207, 5209, 5211, 5213, 5215, 5217, 5219, 5221, 5223, 5225, 5227, 5229, 5231, 5233, 5235, 5237, 5239, 5241, 5243, 
5245, 5247, 5249, 5251, 5253, 5255, 5257, 5259, 5261, 5263, 5265, 5267, 5269, 5271, 5273, 5275, 5277, 5279, 5281, 
5283, 5285, 5287, 5289, 5291, 5293, 5295, 5297, 5299, 5301, 5303, 5305, 5307, 5309, 5311, 5313, 5315, 5317, 5319, 
5321, 5323, 5325, 5327, 5329, 5331, 5333, 5335, 5337, 5339, 5341, 5343, 5345, 5347, 5349, 5351, 5353, 5355, 5357, 

25 5359, 5361, 5363, 5365, 5367, 5369, 5371, 5373, 5375, 5377, 5379, 5381, 5383, 5385, 5387, 5389, 5391, 5393, 5395, 
5397, 5399, 5401, 5403, 5405, 5407, 5409, 5411, 5413, 5415, 5417, 5419, 5421, 5423, 5425, 5427, 5429, 5431, 5433, 
5435, 5437, 5439, 5441, 5443, 5445, 5447, 5449, 5451, 5453, 5455, 5457, 5459, 5461, 5463, 5465, 5467, 5469, 5471, 
5473, 5475, 5477, 5479, 5481, 5483, 5485, 5487, 5489, 5491, 5493, 5495, 5497, 5499, 5501, 5503, 5505, 5507, 5509, 
5511, 5513, 5515, 5517, 5519, 5521, 5523, 5525, 5527, 5529, 5531, 5533, 5535, 5537, 5539, 5541, 5543, 5545, 5547, 

30 5549, 5551, 5553, 5555, 5557, 5559, 5561, 5563, 5565, 5567, 5569, 5571, 5573, 5575, 5577, 5579, 5581, 5583, 5585, 
5587, 5589, 5591, 5593, 5595, 5597, 5599, 5601, 5603, 5605, 5607, 5609, 5611, 5613, 5615, 5617, 5619, 5621, 5623, 
5625, 5627, 5629, 5631, 5633, 5635, 5637, 5639, 5641, 5643, 5645, 5647, 5649, 5651, 5653, 5655, 5657, 5659, 5661, 
5663, 5665, 5667, 5669, 5671, 5673, 5675, 5677, 5679, 5681, 5683, 5685, 5687, 5689, 5691, 5693, 5695, 5697, 5699, 
5701, 5703, 5705, 5707, 5709, 5711, 5713, 5715, 5717, 5719, 5721, 5723, 5725, 5727, 5729, 5731, 5733, 5735, 5737, 

35 5739, 5741, 5743, 5745, 5747, 5749, 5751, 5753, 5755, 5757, 5759, 5761, 5763, 5765, 5767, 5769, 5771, 5773, 5775, 
5777, 5779, 5781, 5783, 5785, 5787, 5789, 5791, 5793, 5795, 5797, 5799, 5801, 5803, 5805, 5807, 5809, 5811, 5813, 
5815, 5817, 5819, 5821, 5823, 5825, 5827, 5829, 5831, 5833, 5835, 5837, 5839, 5841, 5843, 5845, 5847, 5849, 5851, 
5853, 5855, 5857, 5859, 5861, 5863, 5865, 5867, 5869, 5871, 5873, 5875, 5877, 5879, 5881, 5883, 5885, 5887, 5889, 
5891, 5893, 5895, 5897, 5899, 5901, 5903, 5905, 5907, 5909, 5911, 5913, 5915, 5917, 5919, 5921, 5923, 5925, 5927, 

40 5929, 5931, 5933, 5935, 5937, 5939, 5941, 5943, 5945, 5947, 5949, 5951, 5953, 5955, 5957, 5959, 5961, 5963, 5965, 
5967, 5969, 5971, 5973, 5975, 5977, 5979, 5981, 5983, 5985, 5987, 5989, 5991, 5993, 5995, 5997, 5999, 6001, 6003, 
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6005, 6007, 6009, 6011, 6013, 6015, 6017, 6019, 6021, 6023, 6025, 6027, 6029, 6031, 6033, 6035, 6037, 6039, 6041, 
6043, 6045, 6047, 6049, 6051, 6053, 6055, 6057, 6059, 6061, 6063, 6065, 6067, 6069, 6071, 6073, 6075, 6077, 6079, 
6081, 6083, 6085, 6087, 6089, 6091, 6093, 6095, 6097, 6099, 6101, 6103, 6105, 6107, 6109, 6111, 6113, 6115, 6117, 
6119, 6121, 6123, 6125, 6127, 6129, 6131, 6133, 6135, 6137, 6139, 6141, 6143, 6145, 6147, 6149, 6151, 6153, 6155, 

5 6157, 6159, 6161, 6163, 6165, 6167, 6169, 6171, 6173, 6175, 6177, 6179, 6181, 6183, 6185, 6187, 6189, 6191, 6193, 
6195, 6197, 6199, 6201, 6203, 6205, 6207, 6209, 6211, 6213, 6215, 6217, 6219, 6221, 6223, 6225, 6227, 6229, 6231, 
6233, 6235, 6237, 6239, 6241, 6243, 6245, 6247, 6249, 6251, 6253, 6255, 6257, 6259, 6261, 6263, 6265, 6267, 6269, 
6271, 6273, 6275, 6277, 6279, 6281, 6283, 6285, 6287, 6289, 6291, 6293, 6295, 6297, 6299, 6301, 6303, 6305, 6307, 
6309, 6311, 6313, 6315, 6317, 6319, 6321, 6323, 6325, 6327, 6329, 6331, 6333, 6335, 6337, 6339, 6341, 6343, 6345, 

10 6347, 6349, 6351, 6353, 6355, 6357, 6359, 6361, 6363, 6365, 6367, 6369, 6371, 6373, 6375, 6377, 6379, 6381, 6383, 
6385, 6387, 6389, 6391, 6393, 6395, 6397, 6399, 6401, 6403, 6405, 6407, 6409, 6411, 6413, 6415, 6417, 6419, 6421, 
6423, 6425, 6427, 6429, 6431, 6433, 6435, 6437, 6439, 6441, 6443, 6445, 6447, 6449, 6451, 6453, 6455, 6457, 6459, 
6461, 6463, 6465, 6467, 6469, 6471, 6473, 6475, 6477, 6479, 6481, 6483, 6485, 6487, 6489, 6491, 6493, 6495, 6497, 
6499, 6501, 6503, 6505, 6507, 6509, 6511, 6513, 6515, 6517, 6519, 6521, 6523, 6525, 6527, 6529, 6531, 6533, 6535, 

15 6537, 6539, 6541, 6543, 6545, 6547, 6549, 6551, 6553, 6555, 6557, 6559, 6561, 6563, 6565, 6567, 6569, 6571, 6573, 
6575, 6577, 6579, 6581, 6583, 6585, 6587, 6589, 6591, 6593, 6595, 6597, 6599, 6601, 6603, 6605, 6607, 6609, 6611, 
6613, 6615, 6617, 6619, 6621, 6623, 6625, 6627, 6629, 6631, 6633, 6635, 6637, 6639, 6641, 6643, 6645, 6647, 6649, 
6651, 6653, 6655, 6657, 6659, 6661, 6663, 6665, 6667, 6669, 6671, 6673, 6675, 6677, 6679, 6681, 6683, 6685, 6687, 
6689, 6691, 6693, 6695, 6697, 6699, 6701, 6703, 6705, 6707, 6709, 6711, 6713, 6715, 6717, 6719, 6721, 6723, 6725, 

20 6727, 6729, 6731, 6733, 6735, 6737, 6739, 6741, 6743, 6745, 6747, 6749, 6751, 6753, 6755, 6757, 6759, 6761, 6763, 
6765, 6767, 6769, 6771, 6773, 6775, 6777, 6779, 6781, 6783, 6785, 6787, 6789, 6791, 6793, 6795, 6797, 6799, 6801, 
6803, 6805, 6807, 6809, 6811, 6813, 6815, 6817, 6819, 6821, 6823, 6825, 6827, 6829, 6831, 6833, 6835, 6837, 6839, 
6841, 6843, 6845, 6847, 6849, 6851, 6853, 6855, 6857, 6859, 6861, 6863, 6865, 6867, 6869, 6871, 6873, 6875, 6877, 
6879, 6881, 6883, 6885, 6887, 6889, 6891, 6893, 6895, 6897, 6899, 6901, 6903, 6905, 6907, 6909, 6911, 6913, 6915, 

25 6917, 6919, 6921, 6923, 6925, 6927, 6929, 6931, 6933, 6935, 6937, 6939, 6941, 6943, 6945, 6947, 6949, 6951, 6953, 
6955, 6957, 6959, 6961, 6963, 6965, 6967, 6969, 6971, 6973, 6975, 6977, 6979, 6981, 6983, 6985, 6987, 6989, 6991, 
6993, 6995, 6997, 6999, 7001, 7003, 7005, 7007, 7009, 7011, 7013, 7015, 7017, 7019, 7021, 7023, 7025, 7027, 7029, 
7031, 7033, 7035, 7037, 7039, 7041, 7043, 7045, 7047, 7049, 7051, 7053, 7055, 7057, 7059, 7061, 7063, 7065, 7067, 
7069, 7071, 7073, 7075, 7077, 7079, 7081, 7083, 7085, 7087, 7089, 7091, 7093, 7095, 7097, 7099, 7101, 7103, 7105, 

30 7107, 7109, 7111, 7113, 7115, 7117, 7119, 7121, 7123, 7125, 7127, 7129, 7131, 7133, 7135, 7137, 7139, 7141, 7143, 
7145, 7147, 7149, 7151, 7153, 7155, 7157, 7159, 7161, 7163, 7165, 7167, 7169, 7171, 7173, 7175, 7177, 7179, 7181, 
7183, 7185, 7187, 7189, 7191, 7193, 7195, 7197, 7199, 7201, 7203, 7205, 7207, 7209, 7211, 7213, 7215, 7217, 7219, 
7221, 7223, 7225, 7227, 7229, 7231, 7233, 7235, 7237, 7239, 7241, 7243, 7245, 7247, 7249, 7251, 7253, 7255, 7257, 
7259, 7261, 7263, 7265, 7267, 7269, 7271, 7273, 7275, 7277, 7279, 7281, 7283, 7285, 7287, 7289, 7291, 7293, 7295, 

35 7297, 7299, 7301, 7303, 7305, 7307, 7309, 7311, 7313, 7315, 7317, 7319, 7321, 7323, 7325, 7327, 7329, 7331, 7333, 
7335, 7337, 7339, 7341, 7343, 7345, 7347, 7349, 7351, 7353, 7355, 7357, 7359, 7361, 7363, 7365, 7367, 7369, 7371, 
7373, 7375, 7377, 7379, 7381, 7383, 7385, 7387, 7389, 7391, 7393, 7395, 7397, 7399, 7401, 7403, 7405, 7407, 7409, 
7411, 7413, 7415, 7417, 7419, 7421, 7423, 7425, 7427, 7429, 7431, 7433, 7435, 7437, 7439, 7441, 7443, 7445, 7447, 
7449, 7451, 7453, 7455, 7457, 7459, 7461, 7463, 7465, 7467, 7469, 7471, 7473, 7475, 7477, 7479, 7481, 7483, 7485, 

40 7487, 7489, 7491, 7493, 7495, 7497, 7499, 7501, 7503, 7505, 7507, 7509, 7511, 7513, 7515, 7517, 7519, 7521, 7523, 
7525, 7527, 7529, 7531, 7533, 7535, 7537, 7539, 7541, 7543, 7545, 7547, 7549, 7551, 7553, 7555, 7557, 7559, 7561, 



wo 02/34771 



-3043- 



PCT/GBOl/04789 



7563, 7565, 7567, 7569, 7571, 7573, 7575, 7577, 7579, 7581, 7583, 7585, 7587, 7589, 7591, 7593, 7595, 7597, 7599, 
7601, 7603, 7605, 7607, 7609, 7611, 7613, 7615, 7617, 7619, 7621, 7623, 7625, 7627, 7629, 7631, 7633, 7635, 7637, 
7639, 7641, 7643, 7645, 7647, 7649, 7651, 7653, 7655, 7657, 7659, 7661, 7663, 7665, 7667, 7669, 7671, 7673, 7675, 
7677, 7679, 7681, 7683, 7685, 7687, 7689, 7691, 7693, 7695, 7697, 7699, 7701, 7703, 7705, 7707, 7709, 7711, 7713, 
5 7715, 7717, 7719, 7721, 7723, 7725, 7727, 7729, 7731, 7733, 7735, 7737, 7739, 7741, 7743, 7745, 7747, 7749, 7751, 
7753, 7755, 7757, 7759, 7761, 7763, 7765, 7767, 7769, 7771, 7773, 7775, 7777, 7779, 7781, 7783, 7785, 7787, 7789, 
7791, 7793, 7795, 7797, 7799, 7801, 7803, 7805, 7807, 7809, 7811, 7813, 7815, 7817, 7819, 7821, 7823, 7825, 7827, 
7829, 7831, 7833, 7835, 7837, 7839, 7841, 7843, 7845, 7847, 7849, 7851, 7853, 7855, 7857, 7859, 7861, 7863, 7865, 
7867, 7869, 7871, 7873, 7875, 7877, 7879, 7881, 7883, 7885, 7887, 7889, 7891, 7893, 7895, 7897, 7899, 7901, 7903, 

10 7905, 7907, 7909, 7911, 7913, 7915, 7917, 7919, 7921, 7923, 7925, 7927, 7929, 7931, 7933, 7935, 7937, 7939, 7941, 
7943, 7945, 7947, 7949, 7951, 7953, 7955, 7957, 7959, 7961, 7963, 7965, 7967, 7969, 7971, 7973, 7975, 7977, 7979, 
7981, 7983, 7985, 7987, 7989, 7991, 7993, 7995, 7997, 7999, 8001, 8003, 8005, 8007, 8009, 8011, 8013, 8015, 8017, 
8019, 8021, 8023, 8025, 8027, 8029, 8031, 8033, 8035, 8037, 8039, 8041, 8043, 8045, 8047, 8049, 8051, 8053, 8055, 
8057, 8059, 8061, 8063, 8065, 8067, 8069, 8071, 8073, 8075, 8077, 8079, 8081, 8083, 8085, 8087, 8089, 8091, 8093, 

15 8095, 8097, 8099, 8101, 8103, 8105, 8107, 8109, 8111, 8113, 8115, 8117, 8119, 8121, 8123, 8125, 8127, 8129, 8131, 
8133, 8135, 8137, 8139, 8141, 8143, 8145, 8147, 8149, 8151, 8153, 8155, 8157, 8159, 8161, 8163, 8165, 8167, 8169, 
8171, 8173, 8175, 8177, 8179, 8181, 8183, 8185, 8187, 8189, 8191, 8193, 8195, 8197, 8199, 8201, 8203, 8205, 8207, 
8209, 8211, 8213, 8215, 8217, 8219, 8221, 8223, 8225, 8227, 8229, 8231, 8233, 8235, 8237, 8239, 8241, 8243, 8245, 
8247, 8249, 8251, 8253, 8255, 8257, 8259, 8261, 8263, 8265, 8267, 8269, 8271, 8273, 8275, 8277, 8279, 8281, 8283, 

20 8285, 8287, 8289, 8291, 8293, 8295, 8297, 8299, 8301, 8303, 8305, 8307, 8309, 8311, 8313, 8315, 8317, 8319, 8321, 
8323, 8325, 8327, 8329, 8331, 8333, 8335, 8337, 8339, 8341, 8343, 8345, 8347, 8349, 8351, 8353, 8355, 8357, 8359, 
8361, 8363, 8365, 8367, 8369, 8371, 8373, 8375, 8377, 8379, 8381, 8383, 8385, 8387, 8389, 8391, 8393, 8395, 8397, 
8399, 8401, 8403, 8405, 8407, 8409, 8411, 8413, 8415, 8417, 8419, 8421, 8423, 8425, 8427, 8429, 8431, 8433, 8435, 
8437, 8439, 8441, 8443, 8445, 8447, 8449, 8451, 8453, 8455, 8457, 8459, 8461, 8463, 8465, 8467, 8469, 8471, 8473, 

25 8475, 8477, 8479, 8481, 8483, 8485, 8487, 8489, 8491, 8493, 8495, 8497, 8499, 8501, 8503, 8505, 8507, 8509, 8511, 
8513, 8515, 8517, 8519, 8521, 8523, 8525, 8527, 8529, 8531, 8533, 8535, 8537, 8539, 8541, 8543, 8545, 8547, 8549, 
8551, 8553, 8555, 8557, 8559, 8561, 8563, 8565, 8567, 8569, 8571, 8573, 8575, 8577, 8579, 8581, 8583, 8585, 8587, 
8589, 8591, 8593, 8595, 8597, 8599, 8601, 8603, 8605, 8607, 8609, 8611, 8613, 8615, 8617, 8619, 8621, 8623, 8625, 
8627, 8629, 8631, 8633, 8635, 8637, 8639, 8641, 8643, 8645, 8647, 8649, 8651, 8653, 8655, 8657, 8659, 8661, 8663, 

30 8665, 8667, 8669, 8671, 8673, 8675, 8677, 8679, 8681, 8683, 8685, 8687, 8689, 8691, 8693, 8695, 8697, 8699, 8701, 
8703, 8705, 8707, 8709, 8711, 8713, 8715, 8717, 8719, 8721, 8723, 8725, 8727, 8729, 8731, 8733, 8735, 8737, 8739, 
8741, 8743, 8745, 8747, 8749, 8751, 8753, 8755, 8757, 8759, 8761, 8763, 8765, 8767, 8769, 8771, 8773, 8775, 8777, 
8779, 8781, 8783, 8785, 8787, 8789, 8791, 8793, 8795, 8797, 8799, 8801, 8803, 8805, 8807, 8809, 8811, 8813, 8815, 
8817, 8819, 8821, 8823, 8825, 8827, 8829, 8831, 8833, 8835, 8837, 8839, 8841, 8843, 8845, 8847, 8849, 8851, 8853, 

35 8855, 8857, 8859, 8861, 8863, 8865, 8867, 8869, 8871, 8873, 8875, 8877, 8879, 8881, 8883, 8885, 8887, 8889, 8891, 
8893, 8895, 8897, 8899, 8901, 8903, 8905, 8907, 8909, 8911, 8913, 8915, 8917, 8919, 8921, 8923, 8925, 8927, 8929, 
8931, 8933, 8935, 8937, 8939, 8941, 8943, 8945, 8947, 8949, 8951, 8953, 8955, 8957, 8959, 8961, 8963, 8965, 8967, 
8969, 8971, 8973, 8975, 8977, 8979, 8981, 8983, 8985, 8987, 8989, 8991, 8993, 8995, 8997, 8999, 9001, 9003, 9005, 
9007, 9009, 9011, 9013, 9015, 9017, 9019, 9021, 9023, 9025, 9027, 9029, 9031, 9033, 9035, 9037, 9039, 9041, 9043, 

40 9045, 9047, 9049, 9051, 9053, 9055, 9057, 9059, 9061, 9063, 9065, 9067, 9069, 9071, 9073, 9075, 9077, 9079, 9081, 
9083, 9085, 9087, 9089, 9091, 9093, 9095, 9097, 9099, 9101, 9103, 9105, 9107, 9109, 9111, 9113, 9115, 9117, 9119, 
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9121, 9123, 9125, 9127, 9129, 9131, 9133, 9135, 9137, 9139, 9141, 9143, 9145, 9147, 9149, 9151, 9153, 9155, 9157, 
9159, 9161, 9163, 9165, 9167, 9169, 9171, 9173, 9175, 9177, 9179, 9181, 9183, 9185, 9187, 9189, 9191, 9193, 9195, 
9197, 9199, 9201, 9203, 9205, 9207, 9209, 9211, 9213, 9215, 9217, 9219, 9221, 9223, 9225, 9227, 9229, 9231, 9233, 
9235, 9237, 9239, 9241, 9243, 9245, 9247, 9249, 9251, 9253, 9255, 9257, 9259, 9261, 9263, 9265, 9267, 9269, 9271, 

5 9273, 9275, 9277, 9279, 9281, 9283, 9285, 9287, 9289, 9291, 9293, 9295, 9297, 9299, 9301, 9303, 9305, 9307, 9309, 
9311, 9313, 9315, 9317, 9319, 9321, 9323, 9325, 9327, 9329, 9331, 9333, 9335, 9337, 9339, 9341, 9343, 9345, 9347, 
9349, 9351, 9353, 9355, 9357, 9359, 9361, 9363, 9365, 9367, 9369, 9371, 9373, 9375, 9377, 9379, 9381, 9383, 9385, 
9387, 9389, 9391, 9393, 9395, 9397, 9399, 9401, 9403, 9405, 9407, 9409, 9411, 9413, 9415, 9417, 9419, 9421, 9423, 
9425, 9427, 9429, 9431, 9433, 9435, 9437, 9439, 9441, 9443, 9445, 9447, 9449, 9451, 9453, 9455, 9457, 9459, 9461, 

10 9463, 9465, 9467, 9469, 9471, 9473, 94753 9477, 9479, 9481, 9483, 9485, 9487, 9489, 9491, 9493, 9495, 9497, 9499, 
9501, 9503, 9505, 9507, 9509, 9511, 9513, 9515, 9517, 9519, 9521, 9523, 9525, 9527, 9529, 9531, 9533, 9535, 9537, 
9539, 9541, 9543, 9545, 9547, 9549, 9551, 9553, 9555, 9557, 9559, 9561, 9563, 9565, 9567, 9569, 9571, 9573, 9575, 
9577, 9579, 9581, 9583, 9585, 9587, 9589, 9591, 9593, 9595, 9597, 9599, 9601, 9603, 9605, 9607, 9609, 9611, 9613, 
9615, 9617, 9619, 9621, 9623, 9625, 9627, 9629, 9631, 9633, 9635, 9637, 9639, 9641, 9643, 9645, 9647, 9649, 9651, 

1 5 9653, 9655, 9657, 9659, 9661, 9663, 9665, 9667, 9669, 9671, 9673, 9675, 9677, 9679, 9681, 9683, 9685, 9687, 9689, 
9691, 9693, 9695, 9697, 9699, 9701, 9703, 9705, 9707, 9709, 9711, 9713, 9715, 9717, 9719, 9721, 9723, 9725, 9727, 
9729, 9731, 9733, 9735, 9737, 9739, 9741, 9743, 9745, 9747, 9749, 9751, 9753, 9755, 9757, 9759, 9761, 9763, 9765, 
9767, 9769, 9771, 9773, 9775, 9777, 9779, 9781, 9783, 9785, 9787, 9789, 9791, 9793, 9795, 9797, 9799, 9801, 9803, 
9805, 9807, 9809, 9811, 9813, 9815, 9817, 9819, 9821, 9823, 9825, 9827, 9829, 9831, 9833, 9835, 9837, 9839, 9841, 

20 9843, 9845, 9847, 9849, 9851, 9853, 9855, 9857, 9859, 9861, 9863, 9865, 9867, 9869, 9871, 9873, 9875, 9877, 9879, 
9881, 9883, 9885, 9887, 9889, 9891, 9893, 9895, 9897, 9899, 9901, 9903, 9905, 9907, 9909, 9911, 9913, 9915, 9917, 
9919, 9921, 9923, 9925, 9927, 9929, 9931, 9933, 9935, 9937, 9939, 9941, 9943, 9945, 9947, 9949, 9951, 9953, 9955, 
9957, 9959, 9961, 9963, 9965, 9967, 9969, 9971, 9973, 9975, 9977, 9979, 9981, 9983, 9985, 9987, 9989, 9991, 9993, 
9995, 9997, 9999, 10001, 10003, 10005, 10007, 10009, 10011, 10013, 10015, 10017, 10019, 10021, 10023, 10025, 

25 10027, 10029, 10031, 10033, 10035, 10037, 10039, 10041, 10043, 10045, 10047, 10049, 10051, 10053, 10055, 10057, 
10059, 10061, 10063, 10065, 10067, 10069, 10071, 10073, 10075, 10077, 10079, 10081, 10083, 10085, 10087, 10089, 
10091, 10093, 10095, 10097, 10099, 10101, 10103, 10105, 10107, 10109, 10111, 10113, 10115, 10117, 10119, 10121, 
10123, 10125, 10127, 10129, 10131, 10133, 10135, 10137, 10139, 10141, 10143, 10145, 10147, 10149, 10151, 10153, 
10155, 10157, 10159, 10161, 10163, 10165, 10167, 10169, 10171, 10173, 10175, 10177, 10179, 10181, 10183, 10185, 

30 10187, 10189, 10191, 10193, 10195, 10197, 10199, 10201, 10203, 10205, 10207, 10209, 10211, 10213, 10215, 10217, 
10219, 10221, 10223, 10225, 10227, 10229, 10231, 10233, 10235, 10237, 10239, 10241, 10243, 10245, 10247, 10249, 
10251, 10253, 10255, 10257, 10259, 10261, 10263, 10265, 10267, 10269, 10271, 10273, 10275, 10277, 10279, 10281, 
10283, 10285, 10287, 10289, 10291, 10293, 10295, 10297, 10299, 10301, 10303, 10305, 10307, 10309, 10311, 10313, 
10315, 10317, 10319, 10321, 10323, 10325, 10327, 10329, 10331, 10333, 10335, 10337, 10339, 10341, 10343, 10345, 

35 10347, 10349, 10351, 10353, 10355, 10357, 10359, 10361, 10363, 10365, 10367, 10369, 10371, 10373, 10375, 10377, 
10379, 10381, 10383, 10385, 10387, 10389, 10391, 10393, 10395, 10397, 10399, 10401, 10403, 10405, 10407, 10409, 
10411, 10413, 10415, 10417, 10419, 10421, 10423, 10425, 10427, 10429, 10431, 10433, 10435, 10437, 10439, 10441, 
10443, 10445, 10447, 10449, 10451, 10453, 10455, 10457, 10459, 10461, 10463, 10465, 10467, 10469, 10471, 10473, 
10475, 10477, 10479, 10481, 10483, 10485, 10487, 10489, 10491, 10493, 10495, 10497, 10499, 10501, 10503, 10505, 

40 10507, 10509, 10511, 10513, 10515, 10517, 10519, 10521, 10523, 10525, 10527, 10529, 10531, 10533, 10535, 10537, 
10539, 10541, 10543, 10545, 10547, 10549, 10551, 10553, 10555, 10557, 10559, 10561, 10563, 10565, 10567, 10569, 
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10571, 10573, 10575, 10577, 10579, 10581, 10583, 10585, 10587, 10589, 10591, 10593, 10595, 10597, 10599, 10601, 
10603, 10605, 10607, 10609, 10611, 10613, 10615, 10617, 10619, 10621, 10623, 10625, 10627, 10629, 10631, 10633, 
10635, 10637, 10639, 10641, 10643, 10645, 10647, 10649, 10651, 10653, 10655, 10657, 10659, 10661, 10663, 10665, 
10667, 10669, 10671, 10673, 10675, 10677, 10679, 10681, 10683, 10685, 10687, 10689, 10691, 10693, 10695, 10697, 
5 10699, 10701, 10703, 10705, 10707, 10709, 10711, 10713, 10715, 10717, 10719, 10721, 10723, 10725, 10727, 10729, 
10731, 10733, 10735, 10737, 10739, 10741, 10743, 10745, 10747, 10749, 10751, 10753, 10755, 10757, 10759, 10761, 
10763, 10765, 10767, 10769, 10771, 10773, 10775, 10777, 10779, 10781, 10783, 10785, 10787, 10789, 10791, 10793, 
10795, 10797, 10799, 10801, 10803, 10805, 10807, 10809, 10811, 10813, 10815, 10817, 10819, 10821, 10823, 10825, 
10827, 10829, 10831, 10833, 10835, 10837, 10839, 10841, 10843, 10845, 10847, 10849, 10851, 10853, 10855, 10857, 
10 10859, 10861, 10863, 10865, 10867, 10869, 10871, 10873, 10875, 10877, 10879, 10881, 10883, 10885, 10887, 10889, 
10891, 10893, 10895, 10897, 10899, 10901, 10903, 10905, 10907, 10909, 10911, 10913, 10915, 10917, 10919, 10921, 
10923, 10925, 10927, 10929, 10931, 10933, 10935, 10937, 10939, 10941, 10943, 10945, 10947, 10949, 10951, 10953, 
10955, 10957, 10959, 10961, 10963 and 10965. 

8. A nucleic add molecule coir^rising a nucleotide sequence selected fom the group consisting of SEQ IDs 10967, 10968, 

15 10969, 10970, 10971, 10972, 10973, 10974, 10975, 10976, 10977, 10978, 10979, 10980, 10981, 10982, 10983, 10984, 
10985, 10986, 10987, 10988, 10989, 10990, 10991, 10992, 10993, 10994, 10995, 10996, 10997, 10998, 10999, 11000, 
11001, 11002, 11003, 11004, 11005, 11006, 11007, 11008, 11009, 11010, 11011, 11012, 11013, 11014, 11015, 11016, 
11017, 11018, 11019, 11020, 11021, 11022, 11023, 11024, 11025, 11026, 11027, 11028, 11029, 11030, 11031, 11032, 
11033, 11034, 11035, 11036, 11037, 11038, 11039, 11040, 11041, 11042, 11043, 11044, 11045, 11046, 11047, 11048, 

20 11049, 11050, 11051, 11052, 11053, 11054, 11055, 11056, 11057, 11058, 11059, 11060, 11061, 11062, 11063, 11064, 
11065, 11066, 11067, 11068, 11069, 11070, 11071, 11072, 11073, 11074, 11075, 11076, 11077, 11078, 11079, 11080, 
11081, 11082, 11083, 11084, 11085, 11086, 11087, 11088, 11089, 11090, 11091, 11092, 11093, 11094, 11095, 11096, 
11097, 11098, 11099, 11100, 11101, 11102, 11103, 11104, 11105, 11106, 11107, 11108, 11109, 11110, Hill, 11112, 
11113, 11114, 11115, 11116, 11117, 11118, 11119, 11120, 11121, 11122, 11123, 11124, 11125, 11126, 11127, 11128, 

25 11129, 11130, 11131, 11132, 11133, 11134, 11135, 11136, 11137, 11138, 11139, 11140, 11141, 11142, 11143; 11144, 
11145, 11146, 11147, 11148, 11149, 11150, 11151, 11152, 11153, 11154, 11155, 11156, 11157, 11158, 11159, 11160, 
11161, 11162, 11163, 11164, 11165, 11166, 11167, 11168, 11169, 11170, 11171, 11172, 11173, 11174, 11175, 11176, 
11177, 11178, 11179, 11180, 11181, 11182, 11183, 11184, 11185, 11186, 11187, 11188, 11189, 11190, 11191, 11192, 
11193, 11194, 11195, 11196, 11197, 11198, 11199, 11200, 11201, 11202, 11203, 11204, 11205, 11206, 11207, 11208, 

30 11209, 11210, 11211, 11212, 11213, 11214, 11215, 11216, 11217, 11218, 11219, 11220, 11221, 11222, 11223, 11224, 
11225, 11226, 11227, 11228, 11229, 11230, 11231, 11232, 11233, 11234, 11235, 11236, 11237, 11238, 11239, 11240, 
11241, 11242, 11243, 11244, 11245, 11246, 11247, 11248, 11249, 11250, 11251, 11252, 11253, 11254, 11255, 11256, 
11257, 11258, 11259, 11260, 11261, 11262, 11263, 11264, 11265, 11266, 11267, 11268, 11269, 11270, 11271, 11272, 
11273, 11274, 11275, 11276, 11277, 11278, 11279, 11280, 11281, 11282, 11283, 11284, 11285, 11286, 11287, 11288, 

35 11289, 11290, 11291, 11292, 11293, 11294, 11295, 11296, 11297, 11298, 11299, 11300, 11301, 11302, 11303, 11304, 
11305, 11306, 11307, 11308, 11309, 11310, 11311, 11312, 11313, 11314, 11315, 11316, 11317, 11318, 11319, 11320, 
11321, 11322, 11323, 11324, 11325, 11326, 11327, 11328, 11329, 11330, 11331, 11332, 11333, 11334, 11335, 11336, 
11337, 11338, 11339, 11340, 11341, 11342, 11343, 11344, 11345, 11346, 11347, 11348, 11349, 11350, 11351, 11352, 
11353, 11354, 11355, 11356, 11357, 11358, 11359, 11360, 11361, 11362, 11363, 11364, 11365, 11366, 11367, 11368, 

40 11369, 11370, 11371, 11372, 11373, 11374, 11375, 11376, 11377, 11378, 11379, 11380, 11381, 11382, 11383, 11384, 



wo 02/34771 



-3046- 



PCT/GBOl/04789 



11385, 11386, 11387, 11388, 11389, 11390, 11391, 11392, 11393, 11394, 11395, 11396, 11397, 11398, 11399, 11400, 
11401, 11402, 11403, 11404, 11405, 11406, 11407, 11408, 11409, 11410, 11411, 11412, 11413, 11414, 11415, 11416, 
11417, 11418, 11419, 11420, 11421, 11422, 11423, 11424, 11425, 11426, 11427, 11428, 11429, 11430, 11431, 11432, 
11433, 11434, 11435, 11436, 11437, 11438, 11439, 11440, 11441, 11442, 11443, 11444, 11445, 11446, 11447, 11448, 
5 11449, 11450, 11451, 11452, 11453, 11454, 11455, 11456, 11457, 11458, 11459, 11460, 11461, 11462, 11463, 11464, 
11465, 11466, 11467, 11468, 11469, 11470, 11471, 11472, 11473, 11474, 11475, 11476, 11477, 11478, 11479, 11480, 
11481, 11482, 11483, 11484, 11485, 11486, 11487, 11488, 11489, 11490, 11491, 11492, 11493, 11494, 11495, 11496, 
11497, 11498, 11499, 11500, 11501, 11502, 11503, 11504, 11505, 11506, 11507, 11508, 11509, 11510, 11511, 11512, 
11513, 11514, 11515, 11516, 11517, 11518, 11519, 11520, 11521, 11522, 11523, 11524, 11525, 11526, 11527, 11528, 

10 11529, 11530, 11531, 11532, 11533, 11534, 11535, 11536, 11537, 11538, 11539, 11540, 11541, 11542, 11543, 11544, 
11545, 11546, 11547, 11548, 11549, 11550, 11551, 11552, 11553, 11554, 11555, 11556, 11557, 11558, 11559, 11560, 
11561, 11562, 11563, 11564, 11565, 11566, 11567, 11568, 11569, 11570, 11571, 11572, 11573, 11574, 11575, 11576, 
11577, 11578, 11579, 11580, 11581, 11582, 11583, 11584, 11585, 11586, 11587, 11588, 11589, 11590, 11591, 11592, 
11593, 11594, 11595, 11596, 11597, 11598, 11599, 11600, 11601, 11602, 11603, 11604, 11605, 11606, 11607, 11608, 

15 11609, 11610, 11611, 11612, 11613, 11614, 11615, 11616, 11617, 11618, 11619, 11620, 11621, 11622, 11623, 11624, 
11625, 11626, 11627, 11628, 11629, 11630, 11631, 11632, 11633, 11634, 11635, 11636, 11637, 11638, 11639, 11640, 
11641, 11642, 11643, 11644, 11645, 11646, 11647, 11648, 11649, 11650, 11651, 11652, 11653, 11654, 11655, 11656, 
11657, 11658, 11659, 11660, 11661, 11662, 11663, 11664, 11665, 11666, 11667, 11668, 11669, 11670, 11671, 11672, 
11673, 11674, 11675, 11676, 11677, 11678, 11679, 11680, 11681, 11682, 11683, 11684, 11685, 11686, 11687, 11688, 

20 11689, 11690, 11691, 11692, 11693, 11694, 11695, 11696, 11697, 11698, 11699, 11700, 11701, 11702, 11703, 11704, 
11705, 11706, 11707, 11708, 11709, 11710, 11711, 11712, 11713, 11714, 11715, 11716, 11717, 11718, 11719, 11720, 
11721, 11722, 11723, 11724, 11725, 11726, 11727, 11728, 11729, 11730, 11731, 11732, 11733, 11734, 11735, 11736, 
11737, 11738, 11739, 11740, 11741, 11742, 11743, 11744, 11745, 11746, 11747, 11748, 11749, 11750, 11751, 11752, 
11753, 11754, 11755, 11756, 11757, 11758, 11759, 11760, 11761, 11762, 11763, 11764, 11765, 11766, 11767, 11768, 

25 11769, 11770, 11771, 11772, 11773, 11774, 11775, 11776, 11777, 11778, 11779, 11780, 11781, 11782, 11783, 11784, 
11785, 11786, 11787, 11788, 11789, 11790, 11791, 11792, 11793, 11794, 11795, 11796, 11797, 11798, 11799, 11800, 
11801, 11802, 11803, 11804, 11805, 11806, 11807, 11808, 11809, 11810, 11811, 11812, 11813, 11814, 11815, 11816, 
11817, 11818, 11819, 11820, 11821, 11822, 11823, 11824, 11825, 11826, 11827, 11828, 11829, 11830, 11831, 11832, 
11833, 11834, 11835, 11836, 11837, 11838, 11839, 11840, 11841, 11842, 11843, 11844, 11845, 11846, 11847, 11848, 

30 11849, 11850, 11851, 11852, 11853, 11854, 11855, 11856, 11857, 11858, 11859, 11860, 11861, 11862, 11863, 11864, 
11865, 11866, 11867, 11868, 11869, 11870, 11871, 11872, 11873, 11874, 11875, 11876, 11877, 11878, 11879, 11880, 
11881, 11882, 11883, 11884, 11885, 11886, 11887, 11888, 11889, 11890, 11891, 11892, 11893, 11894, 11895, 11896, 
11897, 11898, 11899, 11900, 11901, 11902, 11903, 11904, 11905, 11906, 11907, 11908, 11909, 11910, 11911, 11912, 
11913, 11914, 11915, 11916, 11917, 11918, 11919, 11920, 11921, 11922, 11923, 11924, 11925, 11926, 11927, 11928, 

35 11929, 11930, 11931, 11932, 11933, 11934, 11935, 11936, 11937, 11938, 11939, 11940, 11941, 11942, 11943, 11944, 
11945, 11946, 11947, 11948, 11949, 11950, 11951, 11952, 11953, 11954, 11955, 11956, 11957, 11958, 11959, 11960, 
11961, 11962, 11963, 11964, 11965, 11966, 11967, 11968, 11969, 11970, 11971, 11972, 11973, 11974, 11975, 11976, 
11977, 11978, 11979, 11980, 11981, 11982, 11983, 11984, 11985, 11986, 11987, 11988, 11989, 11990, 11991, 11992, 
11993, 11994, 11995, 11996, 11997, 11998, 11999, 12000, 12001, 12002, 12003, 12004, 12005, 12006, 12007, 12008, 
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12009, 12010, 12011, 12012, 12013, 12014, 12015, 12016, 12017, 12018, 12019, 12020, 12021, 12022, 12023 and 
12024. 

9. A mdeic add molecule conpiang a fiagimd of 10 or more coDsecutive nucleotides fiom a nudeotide sequence sdected 
from the group consisting of SEQ IDs 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 
5 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105, 107, 
109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131, 133, 135, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 
157, 159, 161, 163, 165, 167, 169, 171, 173, 175, 177, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197, 199, 201, 203, 
205, 207, 209, 211, 213, 215, 217, 219, 221, 223, 225, 227, 229, 231, 233, 235, 237, 239, 241, 243, 245, 247, 249, 251, 
253, 255, 257, 259, 261, 263, 265, 267, 269, 271, 273, 275, 277, 279, 281, 283, 285, 287, 289, 291, 293, 295, 297, 299, 

10 301, 303, 305, 307, 309, 311, 313, 315, 317, 319, 321, 323, 325, 327, 329, 331, 333, 335, 337, 339, 341, 343, 345, 347, 
349, 351, 353, 355, 357, 359, 361, 363, 365, 367, 369, 371, 373, 375, 377, 379, 381, 383, 385, 387, 389, 391, 393, 395, 
397, 399, 401, 403, 405, 407, 409, 41 1, 413, 415, 417, 419, 421, 423, 425, 427, 429, 431, 433, 435, 437, 439, 441, 443, 
445, 447, 449, 451, 453, 455, 457, 459, 461, 463, 465, 467, 469, 471, 473, 475, 477, 479, 481, 483, 485, 487, 489, 491, 
493, 495, 497, 499, 501, 503, 505, 507, 509, 511, 513, 515, 517, 519, 521, 523, 525, 527, 529, 531, 533, 535, 537, 539, 

15 541, 543, 545, 547, 549, 551, 553, 555, 557, 559, 561, 563, 565, 567, 569, 571, 573, 575, 577, 579, 581, 583, 585, 587, 
589, 591, 593, 595, 597, 599, 601, 603, 605, 607, 609, 611, 613, 615, 617, 619, 621, 623, 625, 627, 629, 631, 633, 635, 
637, 639, 641, 643, 645, 647, 649, 651, 653, 655, 657, 659, 661, 663, 665, 667, 669, 671, 673, 675, 677, 679, 681, 683, 
685, 687, 689, 691, 693, 695, 697, 699, 701, 703, 705, 707, 709, 711, 713, 715, 717, 719, 721, 723, 725, 727, 729, 731, 
733, 735, 737, 739, 741, 743, 745, 747, 749, 751, 753, 755, 757, 759, 761, 763, 765, 767, 769, 771, 773, 775, 777, 779, 

20 781, 783, 785, 787, 789, 791, 793, 795, 797, 799, 801, 803, 805, 807, 809, 81 1, 813, 815, 817, 819, 821, 823, 825, 827, 
829, 831, 833, 835, 837, 839, 841, 843, 845, 847, 849, 851, 853, 855, 857, 859, 861, 863, 865, 867, 869, 871, 873, 875, 
877, 879, 881, 883, 885, 887, 889, 891, 893, 895, 897, 899, 901, 903, 905, 907, 909, 911, 913, 915, 917, 919, 921, 923, 
925, 927, 929, 931, 933, 935, 937, 939, 941, 943, 945, 947, 949, 951, 953, 955, 957, 959, 961, 963, 965, 967, 969, 971, 
973, 975, 977, 979, 981, 983, 985, 987, 989, 991, 993, 995, 997, 999, 1001, 1003, 1005, 1007, 1009, 1011, 1013, 1015, 

25 1017, 1019, 1021, 1023, 1025, 1027, 1029, 1031, 1033, 1035, 1037, 1039, 1041, 1043, 1045, 1047, 1049, 1051, 1053, 
1055, 1057, 1059, 1061, 1063, 1065, 1067, 1069, 1071, 1073, 1075, 1077, 1079, 1081, 1083, 1085, 1087, 1089, 1091, 
1093, 1095, 1097, 1099, 1101, 1103, 1105, 1107, 1109, 1111, 1113, 1115, 1117, 1119, 1121, 1123, 1125, 1127, 1129, 
1131, 1133, 1135, 1137, 1139, 1141, 1143, 1145, 1147, 1149, 1151, 1153, 1155, 1157, 1159, 1161, 1163, 1165, 1167, 
1169, 1171, 1173, 1175, 1177, 1179, 1181, 1183, 1185, 1187, 1189, 1191, 1193, 1195, 1197, 1199, 1201, 1203, 1205, 

30 1207, 1209, 1211, 1213, 1215, 1217, 1219, 1221, 1223, 1225, 1227, 1229, 1231, 1233, 1235, 1237, 1239, 1241, 1243, 
1245, 1247, 1249, 1251, 1253, 1255, 1257, 1259, 1261, 1263, 1265, 1267, 1269, 1271, 1273, 1275, 1277, 1279, 1281, 
1283, 1285, 1287, 1289. 1291, 1293, 1295, 1297, 1299, 1301, 1303, 1305, 1307, 1309, 1311, 1313, 1315, 1317, 1319, 
1321, 1323, 1325, 1327, 1329, 1331, 1333, 1335, 1337, 1339, 1341, 1343, 1345, 1347, 1349, 1351, 1353, 1355, 1357, 
1359, 1361, 1363, 1365, 1367, 1369, 1371, 1373, 1375, 1377, 1379, 1381, 1383, 1385, 1387, 1389, 1391, 1393, 1395, 

35 1397, 1399, 1401, 1403, 1405, 1407, 1409, 1411, 1413, 1415, 1417, 1419, 1421, 1423, 1425, 1427, 1429, 1431, 1433, 
1435, 1437, 1439, 1441, 1443, 1445, 1447, 1449, 1451, 1453, 1455, 1457, 1459, 1461, 1463, 1465, 14^7, 1469, 1471, 
1473, 1475, 1477, 1479, 1481, 1483, 1485, 1487, 1489, 1491, 1493, 1495, 1497, 1499, 1501, 1503, 1505, 1507, 1509, 
1511, 1513, 1515, 1517, 1519, 1521, 1523, 1525, 1527, 1529, 1531, 1533, 1535, 1537, 1539, 1541, 1543, 1545, 1547, 
1549, 1551, 1553, 1555, 1557, 1559, 1561, 1563, 1565, 1567, 1569, 1571, 1573, 1575, 1577, 1579, 1581, 1583, 1585, 

40 1587, 1589, 1591, 1593, 1595, 1597, 1599, 1601, 1603, 1605, 1607, 1609, 1611, 1613, 1615, 1617, 1619, 1621, 1623, 
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1625, 1627, 1629, 1631, 1633, 1635, 1637, 1639, 1641, 1643, 1645, 1647, 1649, 1651, 1653, 1655, 1657, 1659, 1661, 
1663, 1665, 1667, 1669, 1671, 1673, 1675, 1677, 1679, 1681, 1683, 1685, 1687, 1689, 1691, 1693, 1695, 1697, 1699, 
1701, 1703, 1705, 1707, 1709, 1711, 1713, 1715, 1717, 1719, 1721, 1723, 1725, 1727, 1729, 1731, 1733, 1735, 1737, 
1739, 1741, 1743, 1745, 1747, 1749, 1751, 1753, 1755, 1757, 1759, 1761, 1763, 1765, 1767, 1769, 1771, 1773, 1775, 
5 1777, 1779, 1781, 1783, 1785, 1787, 1789, 1791, 1793, 1795, 1797, 1799, 1801, 1803, 1805, 1807, 1809, 1811, 1813, 
1815, 1817, 1819, 1821, 1823, 1825, 1827, 1829, 1831, 1833, 1835, 1837, 1839, 1841, 1843, 1845, 1847, 1849, 1851, 
1853, 1855, 1857, 1859, 1861, 1863, 1865, 1867, 1869, 1871, 1873, 1875, 1877, 1879, 1881, 1883, 1885, 1887, 1889, 
1891, 1893, 1895, 1897, 1899, 1901, 1903, 1905, 1907, 1909, 1911, 1913, 1915, 1917, 1919, 1921, 1923, 1925, 1927, 
1929, 1931, 1933, 1935, 1937, 1939, 1941, 1943, 1945, 1947, 1949, 1951, 1953, 1955, 1957, 1959, 1961, 1963, 1965, 

10 1967, 1969, 1971, 1973, 1975, 1977, 1979, 1981, 1983, 1985, 1987, 1989, 1991, 1993, 1995, 1997, 1999, 2001, 2003, 
2005, 2007, 2009, 2011, 2013, 2015, 2017, 2019, 2021, 2023, 2025, 2027, 2029, 2031, 2033, 2035, 2037, 2039, 2041, 
2043, 2045, 2047, 2049, 2051, 2053, 2055, 2057, 2059, 2061, 2063, 2065, 2067, 2069, 2071, 2073, 2075, 2077, 2079, 
2081, 2083, 2085, 2087, 2089, 2091, 2093, 2095, 2097, 2099, 2101, 2103, 2105, 2107, 2109, 2111, 2113, 2115, 2117, 
2119, 2121, 2123, 2125, 2127, 2129, 2131, 2133, 2135, 2137, 2139, 2141, 2143, 2145, 2147, 2149, 2151, 2153, 2155, 

15 2157, 2159, 2161, 2163, 2165, 2167, 2169, 2171, 2173, 2175, 2177, 2179, 2181, 2183, 2185, 2187, 2189, 2191, 2193, 
2195, 2197, 2199, 2201, 2203, 2205, 2207, 2209, 2211, 2213, 2215, 2217, 2219, 2221, 2223, 2225, 2227, 2229, 2231, 
2233, 2235, 2237, 2239, 2241, 2243, 2245, 2247, 2249, 2251, 2253, 2255, 2257, 2259, 2261, 2263, 2265, 2267, 2269, 
2271, 2273, 2275, 2277, 2279, 2281, 2283, 2285, 2287, 2289, 2291, 2293, 2295, 2297, 2299, 2301, 2303, 2305, 2307, 
2309, 2311, 2313, 2315, 2317, 2319, 2321, 2323, 2325, 2327, 2329, 2331, 2333, 2335, 2337, 2339, 2341, 2343, 2345, 

20 2347, 2349, 2351, 2353, 2355, 2357, 2359, 2361, 2363, 2365, 2367, 2369, 2371, 2373, 2375, 2377, 2379, 2381, 2383, 
2385, 2387, 2389, 2391, 2393, 2395, 2397, 2399, 2401, 2403, 2405, 2407, 2409, 2411, 2413, 2415, 2417, 2419, 2421, 
2423, 2425, 2427, 2429, 2431, 2433, 2435, 2437, 2439, 2441, 2443, 2445, 2447, 2449, 2451, 2453, 2455, 2457, 2459, 
2461, 2463, 2465, 2467, 2469, 2471, 2473, 2475, 2477, 2479, 2481, 2483, 2485, 2487, 2489, 2491, 2493, 2495, 2497, 
2499, 2501, 2503, 2505, 2507, 2509, 2511, 2513, 2515, 2517, 2519, 2521, 2523, 2525, 2527, 2529, 2531, 2533, 2535, 

25 2537, 2539, 2541, 2543, 2545, 2547, 2549, 2551, 2553, 2555, 2557, 2559, 2561, 2563, 2565, 2567, 2569, 2571, 2573, 
2575, 2577, 2579, 2581, 2583, 2585, 2587, 2589, 2591, 2593, 2595, 2597, 2599, 2601, 2603, 2605, 2607, 2609, 2611, 
2613, 2615, 2617, 2619, 2621, 2623, 2625, 2627, 2629, 2631, 2633, 2635, 2637, 2639, 2641, 2643, 2645, 2647, 2649, 
2651, 2653, 2655, 2657, 2659, 2661, 2663, 2665, 2667, 2669, 2671, 2673, 2675, 2677, 2679, 2681, 2683, 2685, 2687, 
2689, 2691, 2693, 2695, 2697, 2699, 2701, 2703, 2705, 2707, 2709, 2711, 2713, 2715, 2717, 2719, 2721, 2723, 2725, 

30 2727, 2729, 2731, 2733, 2735, 2737, 2739, 2741, 2743, 2745, 2747, 2749, 2751, 2753, 2755, 2757, 2759, 2761, 2763, 
2765, 2767, 2769, 2771, 2773, 2775, 2777, 2779, 2781, 2783, 2785, 2787, 2789, 2791, 2793, 2795, 2797, 2799, 2801, 
2803, 2805, 2807, 2809, 2811, 2813, 2815, 2817, 2819, 2821, 2823, 2825, 2827, 2829, 2831, 2833, 2835, 2837, 2839, 
2841, 2843, 2845, 2847, 2849, 2851, 2853, 2855, 2857, 2859, 2861, 2863, 2865, 2867, 2869, 2871, 2873, 2875, 2877, 
2879, 2881, 2883, 2885, 2887, 2889, 2891, 2893, 2895, 2897, 2899, 2901, 2903, 2905, 2907, 2909, 2911, 2913, 2915, 

35 2917, 2919, 2921, 2923, 2925, 2927, 2929, 2931, 2933, 2935, 2937, 2939, 2941, 2943, 2945, 2947, 2949, 2951, 2953, 
2955, 2957, 2959, 2%1, 2963, 2965, 2967, 2969, 2971, 2973, 2975, 2977, 2979, 2981, 2983, 2985, 2987, 2989, 2991, 
2993, 2995, 2997, 2999, 3001, 3003, 3005, 3007, 3009, 3011, 3013, 3015, 3017, 3019, 3021, 3023, 3025, 3027, 3029, 
3031, 3033, 3035, 3037, 3039, 3041, 3043, 3045, 3047, 3049, 3051, 3053, 3055, 3057, 3059, 3061, 3063, 3065, 3067, 
3069, 3071, 3073, 3075, 3077, 3079, 3081, 3083, 3085, 3087, 3089, 3091, 3093, 3095, 3097, 3099, 3101, 3103, 3105, 

40 3107, 3109, 3111, 3113, 3115, 3117, 3119, 3121, 3123, 3125, 3127, 3129, 3131, 3133, 3135, 3137, 3139, 3141, 3143, 
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3145, 3147, 3149, 3151, 3153, 3155, 3157, 3159, 3161, 3163, 3165, 3167, 3169, 3171, 3173, 3175, 3177, 3179, 3181, 
3183, 3185, 3187, 3189, 3191, 3193, 3195, 3197, 3199, 3201, 3203, 3205, 3207, 3209, 3211, 3213, 3215, 3217, 3219, 
3221, 3223, 3225, 3227, 3229, 3231, 3233, 3235, 3237, 3239, 3241, 3243, 3245, 3247, 3249, 3251, 3253, 3255, 3257, 
3259, 3261, 3263, 3265, 3267, 3269, 3271, 3273, 3275, 3277, 3279, 3281, 3283, 3285, 3287, 3289, 3291, 3293, 3295, 
5 3297, 3299, 3301, 3303, 3305, 3307, 3309, 3311, 3313, 3315, 3317, 3319, 3321, 3323, 3325, 3327, 3329, 3331, 3333, 
3335, 3337, 3339, 3341, 3343, 3345, 3347, 3349, 3351, 3353, 3355, 3357, 3359, 3361, 3363, 3365, 3367, 3369, 3371, 
3373, 3375, 3377, 3379, 3381, 3383, 3385, 3387, 3389, 3391, 3393, 3395, 3397, 3399, 3401, 3403, 3405, 3407, 3409, 
3411, 3413, 3415, 3417, 3419, 3421, 3423, 3425, 3427, 3429, 3431, 3433, 3435, 3437, 3439, 3441, 3443, 3445, 3447, 
3449, 3451, 3453, 3455, 3457, 3459, 3461, 3463, 3465, 3467, 3469, 3471, 3473, 3475, 3477, 3479, 3481, 3483, 3485, 

10 3487, 3489, 3491, 3493, 3495, 3497, 3499, 3501, 3503, 3505, 3507, 3509, 3511, 3513, 3515, 3517, 3519, 3521, 3523, 
3525, 3527, 3529, 3531, 3533, 3535, 3537, 3539, 3541, 3543, 3545, 3547, 3549, 3551, 3553, 3555, 3557, 3559, 3561, 
3563, 3565, 3567, 3569, 3571, 3573, 3575, 3577, 3579, 3581, 3583, 3585, 3587, 3589, 3591, 3593, 3595, 3597, 3599, 
3601, 3603, 3605, 3607, 3609, 3611, 3613, 3615, 3617, 3619, 3621, 3623, 3625, 3627, 3629, 3631, 3633, 3635, 3637, 
3639, 3641, 3643, 3645, 3647, 3649, 3651, 3653, 3655, 3657, 3659, 3661, 3663, 3665, 3667, 3669, 3671, 3673, 3675, 

15 3677, 3679, 3681, 3683, 3685, 3687, 3689, 3691, 3693, 3695, 3697, 3699, 3701, 3703, 3705, 3707, 3709, 371 1, 3713, 
3715, 3717, 3719, 3721, 3723, 3725, 3727, 3729, 3731, 3733, 3735, 3737, 3739, 3741, 3743, 3745, 3747, 3749, 3751, 
3753, 3755, 3757, 3759, 3761, 3763, 3765, 3767, 3769, 3771, 3773, 3775, 3777, 3779, 3781, 3783, 3785, 3787, 3789, 
3791, 3793, 3795, 3797, 3799, 3801, 3803, 3805, 3807, 3809, 3811, 3813, 3815, 3817, 3819, 3821, 3823, 3825, 3827, 
3829, 3831, 3833, 3835, 3837, 3839, 3841, 3843, 3845, 3847, 3849, 3851, 3853, 3855, 3857, 3859, 3861, 3863, 3865, 

20 3867, 3869, 3871, 3873, 3875, 3877, 3879, 3881, 3883, 3885, 3887, 3889, 3891, 3893, 3895, 3897, 3899, 3901, 3903, 
3905, 3907, 3909, 3911, 3913, 3915, 3917, 3919, 3921, 3923, 3925, 3927, 3929, 3931, 3933, 3935, 3937, 3939, 3941, 
3943, 3945, 3947, 3949, 3951, 3953, 3955, 3957, 3959, 3961, 3963, 3965, 3967, 3969, 3971, 3973, 3975, 3977, 3979, 
3981, 3983, 3985, 3987, 3989, 3991, 3993, 3995, 3997, 3999, 4001, 4003, 4005, 4007, 4009, 4011, 4013, 4015, 4017, 
4019, 4021, 4023, 4025, 4027, 4029, 4031, 4033, 4035, 4037, 4039, 4041, 4043, 4045, 4047, 4049, 4051, 4053, 4055, 

25 4057, 4059, 4061, 4063, 4065, 4067, 4069, 4071, 4073, 4075, 4077, 4079, 4081, 4083, 4085, 4087, 4089, 4091, 4093, 
4095, 4097, 4099, 4101, 4103, 4105, 4107, 4109, 4111, 4113, 4115, 4117, 4119, 4121, 4123, 4125, 4127, 4129, 4131, 
4133, 4135, 4137, 4139, 4141, 4143, 4145, 4147, 4149, 4151, 4153, 4155, 4157, 4159, 4161, 4163, 4165, 4167, 4169, 
4171, 4173, 4175, 4177, 4179, 4181, 4183, 4185, 4187, 4189, 4191, 4193, 4195, 4197, 4199, 4201, 4203, 4205, 4207, 
4209, 4211, 4213, 4215, 4217, 4219, 4221, 4223, 4225, 4227, 4229, 4231, 4233, 4235, 4237, 4239, 4241, 4243, 4245, 

30 4247, 4249, 4251, 4253, 4255, 4257, 4259, 4261, 4263, 4265, 4267, 4269, 4271, 4273, 4275, 4277, 4279, 4281, 4283, 
4285, 4287, 4289, 4291, 4293, 4295, 4297, 4299, 4301, 4303, 4305, 4307, 4309, 4311, 4313, 4315, 4317, 4319, 4321, 
4323, 4325, 4327, 4329, 4331, 4333, 4335, 4337, 4339, 4341, 4343, 4345, 4347, 4349, 4351, 4353, 4355, 4357, 4359, 
4361, 4363, 4365, 4367, 4369, 4371, 4373, 4375, 4377, 4379, 4381, 4383, 4385, 4387, 4389, 4391, 4393, 4395, 4397, 
4399, 4401, 4403, 4405, 4*07, 4409, 4411, 4:^3, 4415, 4417, 4419, 4421, 4423, 4425, 4427, 4429, 4431, 4433, 4435, 

35 4437, 4439, 4441, 4443, 4445, 4447, 4449, 4451, 4453, 4455, 4457, 4459, 4461, 4463, 4465, 4467, 4469, 4471, 4*73, 
4475, 4477, 4479, 4481, 4483, 4485, 4487, 4489, 4491, 4493, 4495, 4497, 4499, 4501, 4503, 4505, 4507, 4509, 4511, 
4513, 4515, 4517, 4519, 4521, 4523, 4525, 4527, 4529, 4531, 4533, 4535, 4537, 4539, 4541, 4543, 4545, 4547, 4549, 
4551, 4553, 4555, 4557, 4559, 4561, 4563, 4565, 4567, 4569, 4571, 4573, 4575, 4577, 4579, 4581, 4583, 4585, 4587, 
4589, 4591, 4593, 4595, 4597, 4599, 4601, 4603, 4605, 4607, 4609, 4611, 4613, 4615, 4617, 4619, 4621, 4623, 4625, 

40 4627, 4629, 463 1, 4633, 4635, 4637, 4639, 4641, 4643, 4645, 4647, 4649, 4651, 4653, 4655, 4657, 4659, 4661, 4663, 
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4665, 4667, 4669, 4671, 4673, 4675, 4677, 4679, 4681, 4683, 4685, 4687, 4689, 4691, 4693, 4695, 4697, 4699, 4701, 
4703, 4705, 4707, 4709, 4711, 4713, 4715, 4717, 4719, 4721, 4723, 4725, 4727, 4729, 4731, 4733, 4735, 4737, 4739, 
4741, 4743, 4745, 4747, 4749, 4751, 4753, 4755, 4757, 4759, 4761, 4763, 4765, 4767, 4769, 4771, 4773, 4775, 4777, 
4779, 4781, 4783, 4785, 4787, 4789, 4791, 4793, 4795, 4797, 4799, 4801, 4803, 4805, 4807, 4809, 4811, 4813, 4815, 

5 4817, 4819, 4821, 4823, 4825, 4827, 4829, 4831, 4833, 4835, 4837, 4839, 4841, 4843, 4845, 4847, 4849, 4851, 4853, 
4855, 4857, 4859, 4861, 4863, 4865, 4867, 4869, 4871, 4873, 4875, 4877, 4879, 4881, 4883, 4885, 4887, 4889, 4891, 
4893, 4895, 4897, 4899, 4901, 4903, 4905, 4907, 4909, 4911, 4913, 4915, 4917, 4919, 4921, 4923, 4925, 4927, 4929, 
4931, 4933, 4935, 4937, 4939, 4941, 4943, 4945, 4947, 4949, 4951, 4953, 4955, 4957, 4959, 4961, 4963, 4965, 4967, 
4969, 4971, 4973, 4975, 4977, 4979, 4981, 4983, 4985, 4987, 4989, 4991, 4993, 4995, 4997, 4999, 5001, 5003, 5005, 

10 5007, 5009, 5011, 5013, 5015, 5017, 5019, 5021, 5023, 5025, 5027, 5029, 5031, 5033, 5035, 5037, 5039, 5041, 5043, 
5045, 5047, 5049, 5051, 5053, 5055, 5057, 5059, 5061, 5063, 5065, 5067, 5069, 5071, 5073, 5075, 5077, 5079, 5081, 
5083, 5085, 5087, 5089, 5091, 5093, 5095, 5097, 5099, 5101, 5103, 5105, 5107, 5109, 5111, 5113, 5115, 5117, 5119, 
5121, 5123, 5125, 5127, 5129, 5131, 5133, 5135, 5137, 5139, 5141, 5143, 5145, 5147, 5149, 5151, 5153, 5155, 5157, 
5159, 5161, 5163, 5165, 5167, 5169, 5171, 5173, 5175, 5177, 5179, 5181, 5183, 5185, 5187, 5189, 5191, 5193, 5195, 

15 5197, 5199, 5201, 5203, 5205, 5207, 5209, 5211, 5213, 5215, 5217, 5219, 5221, 5223, 5225, 5227, 5229, 5231, 5233, 
5235, 5237, 5239, 5241, 5243, 5245, 5247, 5249, 5251, 5253, 5255, 5257, 5259, 5261, 5263, 5265, 5267, 5269, 5271, 
5273, 5275, 5277, 5279, 5281, 5283, 5285, 5287, 5289, 5291, 5293, 5295, 5297, 5299, 5301, 5303, 5305, 5307, 5309, 
5311, 5313, 5315, 5317, 5319, 5321, 5323, 5325, 5327, 5329, 5331, 5333, 5335, 5337, 5339, 5341, 5343, 5345, 5347, 
5349, 5351, 5353, 5355, 5357, 5359, 5361, 5363, 5365, 5367, 5369, 5371, 5373, 5375, 5377, 5379, 5381, 5383, 5385, 

20 5387, 5389, 5391, 5393, 5395, 5397, 5399, 5401, 5403, 5405, 5407, 5409, 5411, 5413, 5415, 5417, 5419, 5421, 5423, 
5425, 5427, 5429, 5431, 5433, 5435, 5437, 5439, 5441, 5443, 5445, 5447, 5449, 5451, 5453, 5455, 5457, 5459, 5461, 
5463, 5465, 5467, 5469, 5471, 5473, 5475, 5477, 5479, 5481, 5483, 5485, 5487, 5489, 5491, 5493, 5495, 5497, 5499, 
5501, 5503, 5505, 5507, 5509, 5511, 5513, 5515, 5517, 5519, 5521, 5523, 5525, 5527, 5529, 5531, 5533, 5535, 5537, 
5539, 5541, 5543, 5545, 5547, 5549, 5551, 5553, 5555, 5557, 5559, 5561, 5563, 5565, 5567, 5569, 5571, 5573, 5575, 

25 5577, 5579, 5581, 5583, 5585, 5587, 5589, 5591, 5593, 5595, 5597, 5599, 5601, 5603, 5605, 5607, 5609, 561 1, 5613, 
5615, 5617, 5619, 5621, 5623, 5625, 5627, 5629, 5631, 5633, 5635, 5637, 5639, 5641, 5643, 5645, 5647, 5649, 5651, 
5653, 5655, 5657, 5659, 5661, 5663, 5665, 5667, 5669, 5671, 5673, 5675, 5677, 5679, 5681, 5683, 5685, 5687, 5689, 
5691, 5693, 5695, 5697, 5699, 5701, 5703, 5705, 5707, 5709, 5711, 5713, 5715, 5717, 5719, 5721, 5723, 5725, 5727, 
5729, 5731, 5733, 5735, 5737, 5739, 5741, 5743, 5745, 5747, 5749, 5751, 5753, 5755, 5757, 5759, 5761, 5763, 5765, 

30 5767, 5769, 5771, 5773, 5775, 5777, 5779, 5781, 5783, 5785, 5787, 5789, 5791, 5793, 5795, 5797, 5799, 5801, 5803, 
5805, 5807, 5809, 5811, 5813, 5815, 5817, 5819, 5821, 5823, 5825, 5827, 5829, 5831, 5833, 5835, 5837, 5839, 5841, 
5843, 5845, 5847, 5849, 5851, 5853, 5855, 5857, 5859, 5861, 5863, 5865, 5867, 5869, 5871, 5873, 5875, 5877, 5879, 
5881, 5883, 5885, 5887, 5889, 5891, 5893, 5895, 5897, 5899, 5901, 5903, 5905, 5907, 5909, 5911, 5913, 5915, 5917, 
5919, 5921, 5923, 5925, 5927, 5929, 5931, 5933, 5935, 5937, 5939, 5941, 5943, 5945, 5947, 5949, 5951, 5953, 5955, 

35 5957, 5959, 5961, 5963, 5965, 5967, 5969, 5971, 5973, 5975, 5977, 5979, 5981, 5983, 5985, 5987, 5989, 5991, 5993, 
5995, 5997, 5999, 6001, 6003, 6005, 6007, 6009, 6011, 6013, 6015, 6017, 6019, 6021, 6023, 6025, 6027, 6029, 6031, 
6033, 6035, 6037, 6039, 6041, 6043, 6045, 6047, 6049, 6051, 6053, 6055, 6057, 6059, 6061, 6063, 6065, 6067, 6069, 
6071, 6073, 6075, 6077, 6079, 6081, 6083, 6085, 6087, 6089, 6091, 6093, 6095, 6097, 6099, 6101, 6103, 6105, 6107, 
6109, 6111, 6113, 6115, 6117, 6119, 6121, 6123, 6125, 6127, 6129, 6131, 6133, 6135, 6137, 6139, 6141, 6143, 6145, 

40 6147, 6149, 6151, 6153, 6155, 6157, 6159, 6161, 6163, 6165, 6167, 6169, 6171, 6173, 6175, 6177, 6179, 6181, 6183, 
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6185, 6187, 6189, 6191, 6193, 6195, 6197, 6199, 6201, 6203, 6205, 6207, 6209, 6211, 6213, 6215, 6217, 6219, 6221, 
6223, 6225, 6227, 6229, 6231, 6233, 6235, 6237, 6239, 6241, 6243, 6245, 6247, 6249, 6251, 6253, 6255, 6257, 6259, 
6261, 6263, 6265, 6267, 6269, 6271, 6273, 6275, 6277, 6279, 6281, 6283, 6285, 6287, 6289, 6291, 6293, 6295, 6297, 

6299, 6301, 6303, 6305, 6307, 6309, 6311, 6313, 6315, 6317, 6319, 6321, 6323, 6325, 6327, 6329, 6331, 6333, 6335, 
5 6337, 6339, 6341, 6343, 6345, 6347, 6349, 6351, 6353, 6355, 6357, 6359, 6361, 6363, 6365, 6367, 6369, 6371, 6373, 
6375, 6377, 6379, 6381, 6383, 6385, 6387, 6389, 6391, 6393, 6395, 6397, 6399, 6401, 6403, 6405, 6407, 6409, 6411, 
6413, 6415, 6417, 6419, 6421, 6423, 6425, 6427, 6429, 6431, 6433, 6435, 6437, 6439, 6441, 6443, 6445, 6447, 6449, 
6451, 6453, 6455, 6457, 6459, 6461, 6463, 6465, 6467, 6469, 6471, 6473, 6475, 6477, 6479, 6481, 6483, 6485, 6487, 
6489, 6491, 6493, 6495, 6497, 6499, 6501, 6503, 6505, 6507, 6509, 6511, 6513, 6515, 6517, 6519, 6521, 6523, 6525, 

10 6527, 6529, 6531, 6533, 6535, 6537, 6539, 6541, 6543, 6545, 6547, 6549, 6551, 6553, 6555, 6557, 6559, 6561, 6563, 
6565, 6567, 6569, 6571, 6573, 6575, 6577, 6579, 6581, 6583, 6585, 6587, 6589, 6591, 6593, 6595, 6597, 6599, 6601, 
6603, 6605, 6607, 6609, 6611, 6613, 6615, 6617, 6619, 6621, 6623, 6625, 6627, 6629, 6631, 6633, 6635, 6637, 6639, 
6641, 6643, 6645, 6647, 6649, 6651, 6653, 6655, 6657, 6659, 6661, 6663, 6665, 6667, 6669, 6671, 6673, 6675, 6677, 
6679, 6681, 6683, 6685, 6687, 6689, 6691, 6693, 6695, 6697, 6699, 6701, 6703, 6705, 6707, 6709, 6711, 6713, 6715, 

15 6717, 6719, 6721, 6723, 6725, 6727, 6729, 6731, 6733, 6735, 6737, 6739, 6741, 6743, 6745, 6747, 6749, 6751, 6753, 
6755, 6757, 6759, 6761, 6763, 6765, 6767, 6769, 6771, 6773, 6775, 6777, 6779, 6781, 6783, 6785, 6787, 6789, 6791, 
6793, 6795, 6797, 6799, 6801, 6803, 6805, 6807, 6809, 6811, 6813, 6815, 6817, 6819, 6821, 6823, 6825, 6827, 6829, 
6831, 6833, 6835, 6837, 6839, 6841, 6843, 6845, 6847, 6849, 6851, 6853, 6855, 6857, 6859, 6861, 6863, 6865, 6867, 
6869, 6871, 6873, 6875, 6877, 6879, 6881, 6883, 6885, 6887, 6889, 6891, 6893, 6895, 6897, 6899, 6901, 6903, 6905, 

20 6907, 6909, 6911, 6913, 6915, 6917, 6919, 6921, 6923, 6925, 6927, 6929, 6931, 6933, 6935, 6937, 6939, 6941, 6943, 
6945, 6947, 6949, 6951, 6953, 6955, 6957, 6959, 6961, 6963, 6965, 6967, 6969, 6971, 6973, 6975, 6977, 6979, 6981, 
6983, 6985, 6987, 6989, 6991, 6993, 6995, 6997, 6999, 7001, 7003, 7005, 7007, 7009, 7011, 7013, 7015, 7017, 7019, 
7021, 7023, 7025, 7027, 7029, 7031, 7033, 7035, 7037, 7039, 7041, 7043, 7045, 7047, 7049, 7051, 7053, 7055, 7057, 
7059, 7061, 7063, 7065, 7067, 7069, 7071, 7073, 7075, 7077, 7079, 7081, 7083, 7085, 7087, 7089, 7091, 7093, 7095, 

25 7097, 7099, 7101, 7103, 7105, 7107, 7109, 7111, 7113, 7115, 7117, 7119, 7121, 7123, 7125, 7127, 7129, 7131, 7133, 
7135, 7137, 7139, 7141, 7143, 7145, 7147, 7149, 7151, 7153, 7155, 7157, 7159, 7161, 7163, 7165, 7167, 7169, 7171, 
7173, 7175, 7177, 7179, 7181, 7183, 7185, 7187, 7189, 7191, 7193, 7195, 7197, 7199, 7201, 7203, 7205, 7207, 7209, 
7211, 7213, 7215, 7217, 7219, 7221, 7223, 7225, 7227, 7229, 7231, 7233, 7235, 7237, 7239, 7241, 7243, 7245, 7247, 
7249, 7251, 7253, 7255, 7257, 7259, 7261, 7263, 7265, 7267, 7269, 7271, 7273, 7275, 7277, 7279, 7281, 7283, 7285, 

30 7287, 7289, 7291, 7293, 7295, 7297, 7299, 7301, 7303, 7305, 7307, 7309, 731 1, 7313, 7315, 7317, 7319, 7321, 7323, 
7325, 7327, 7329, 7331, 7333, 7335, 7337, 7339, 7341, 7343, 7345, 7347, 7349, 7351, 7353, 7355, 7357, 7359, 7361, 
7363, 7365, 7367, 7369, 7371, 7373, 7375, 7377, 7379, 7381, 7383, 7385, 7387, 7389, 7391, 7393, 7395, 7397, 7399, 
7401, 7403, 7405, 7407, 7409, 7411, 7413, 7415, 7417, 7419, 7421, 7423, 7425, 7427, 7429, 7431, 7433, 7435, 7437, 
7439, 7441, 7443, 7445, 7447, 7449, 7451, 7453, 7455, 7457, 7459, 7461, 7463, 7465, 7467, 7469, 7471, 7473, 7475, 

35 7477, 7479, 7481, 7483, 7485, 7487, 7489, 7491, 7493, 7495, 7497, 7499, 7501, 7503, 7505, 7507, 7509, 7511, 7513, 
7515, 7517, 7519, 7521, 7523, 7525, 7527, 7529, 7531, 7533, 7535, 7537, 7539, 7541, 7543, 7545, 7547, 7549, 7551, 
7553, 7555, 7557, 7559, 7561, 7563, 7565, 7567, 7569, 7571, 7573, 7575, 7577, 7579, 7581, 7583, 7585, 7587, 7589, 
7591, 7593, 7595, 7597, 7599, 7601, 7603, 7605, 7607, 7609, 7611, 7613, 7615, 7617, 7619, 7621, 7623, 7625, 7627, 
7629, 7631, 7633, 7635, 7637, 7639, 7641, 7643, 7645, 7647, 7649, 7651, 7653, 7655, 7657, 7659, 7661, 7663, 7665, 

40 7667, 7669, 7671, 7673, 7675, 7677, 7679, 7681, 7683, 7685, 7687, 7689, 7691, 7693, 7695, 7697, 7699, 7701, 7703, 
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7705, 7707, 7709, 7711, 7713, 7715, 7717, 7719, 7721, 7723, 7725, 7727, 7729, 7731, 7733, 7735, 7737, 7739, 7741, 
7743, 7745, 7747, 7749, 7751, 7753, 7755, 7757, 7759, 7761, 7763, 7765, 7767, 7769, 7771, 7773, 7775, 7777, 7779, 
7781, 7783, 7785, 7787, 7789, 7791, 7793, 7795, 7797, 7799, 7801, 7803, 7805, 7807, 7809, 7811, 7813, 7815, 7817, 

7819, 7821, 7823, 7825, 7827, 7829, 7831, 7833, 7835, 7837, 7839, 7841, 7843, 7845, 7847, 7849, 7851, 7853, 7855, 
5 7857, 7859, 7861, 7863, 7865, 7867, 7869, 7871, 7873, 7875, 7877, 7879, 7881, 7883, 7885, 7887, 7889, 7891, 7893, 
7895, 7897, 7899, 7901, 7903, 7905, 7907, 7909, 7911, 7913, 7915, 7917, 7919, 7921, 7923, 7925, 7927, 7929, 7931, 
7933, 7935, 7937, 7939, 7941, 7943, 7945, 7947, 7949, 7951, 7953, 7955, 7957, 7959, 7961, 7963, 7965, 7967, 7969, 
7971, 7973, 7975, 7977, 7979, 7981, 7983, 7985, 7987, 7989, 7991, 7993, 7995, 7997, 7999, 8001, 8003, 8005, 8007, 
8009, 8011, 8013, 8015, 8017, 8019, 8021, 8023, 8025, 8027, 8029, 8031, 8033, 8035, 8037, 8039, 8041, 8043, 8045, 

10 8047, 8049, 8051, 8053, 8055, 8057, 8059, 8061, 8063, 8065, 8067, 8069, 8071, 8073, 8075, 8077, 8079, 8081, 8083, 
8085, 8087, 8089, 8091, 8093, 8095, 8097, 8099, 8101, 8103, 8105, 8107, 8109, 8111, 8113, 8115, 8117, 8119, 8121, 
8123, 8125, 8127, 8129, 8131, 8133, 8135, 8137, 8139, 8141, 8143, 8145, 8147, 8149, 8151, 8153, 8155, 8157, 8159, 
8161, 8163, 8165, 8167, 8169, 8171, 8173, 8175, 8177, 8179, 8181, 8183, 8185, 8187, 8189, 8191, 8193, 8195, 8197, 
8199, 8201, 8203, 8205, 8207, 8209, 8211, 8213, 8215, 8217, 8219, 8221, 8223, 8225, 8227, 8229, 8231, 8233, 8235, 

1 5 8237, 8239, 8241, 8243, 8245, 8247, 8249, 8251, 8253, 8255, 8257, 8259, 8261, 8263, 8265, 8267, 8269, 8271, 8273, 
8275, 8277, 8279, 8281, 8283, 8285, 8287, 8289, 8291, 8293, 8295, 8297, 8299, 8301, 8303, 8305, 8307, 8309, 8311, 
8313, 8315, 8317, 8319, 8321, 8323, 8325, 8327, 8329, 8331, 8333, 8335, 8337, 8339, 8341, 8343, 8345, 8347, 8349, 
8351, 8353, 8355, 8357, 8359, 8361, 8363, 8365, 8367, 8369, 8371, 8373, 8375, 8377, 8379, 8381, 8383, 8385, 8387, 
8389, 8391, 8393, 8395, 8397, 8399, 8401, 8403, 8405, 8407, 8409, 8411, 8413, 8415, 8417, 8419, 8421, 8423, 8425, 

20 8427, 8429, 8431, 8433, 8435, 8437, 8439, 8441, 8443, 8445, 8447, 8449, 8451, 8453, 8455, 8457, 8459, 8461, 8463, 
8465, 8467, 8469, 8471, 8473, 8475, 8477, 8479, 8481, 8483, 8485, 8487, 8489, 8491, 8493, 8495, 8497, 8499, 8501, 
8503, 8505, 8507, 8509, 8511, 8513, 8515, 8517, 8519, 8521, 8523, 8525, 8527, 8529, 8531, 8533, 8535, 8537, 8539, 
8541, 8543, 8545, 8547, 8549, 8551, 8553, 8555, 8557, 8559, 8561, 8563, 8565, 8567, 8569, 8571, 8573, 8575, 8577, 
8579, 8581, 8583, 8585, 8587, 8589, 8591, 8593, 8595, 8597, 8599, 8601, 8603, 8605, 8607, 8609, 8611, 8613, 8615, 

25 8617, 8619, 8621, 8623, 8625, 8627, 8629, 8631, 8633, 8635, 8637, 8639, 8641, 8643, 8645, 8647, 8649, 8651, 8653, 
8655, 8657, 8659, 8661, 8663, 8665, 8667, 8669, 8671, 8673, 8675, 8677, 8679, 8681, 8683, 8685, 8687, 8689, 8691, 
8693, 8695, 8697, 8699, 8701, 8703, 8705, 8707, 8709, 8711, 8713, 8715, 8717, 8719, 8721, 8723, 8725, 8727, 8729, 
8731, 8733, 8735, 8737, 8739, 8741. 8743, 8745, 8747, 8749, 8751, 8753, 8755, 8757, 8759, 8761, 8763, 8765, 8767, 
8769, 8771, 8773, 8775, 8777, 8779, 8781, 8783, 8785, 8787, 8789, 8791, 8793, 8795, 8797, 8799, 8801, 8803, 8805, 

30 8807, 8809, 8811, 8813, 8815, 8817, 8819, 8821, 8823, 8825, 8827, 8829, 8831, 8833, 8835, 8837, 8839, 8841, 8843, 
8845, 8847, 8849, 8851, 8853, 8855, 8857, 8859, 8861, 8863, 8865, 8867, 8869, 8871, 8873, 8875, 8877, 8879, 8881, 
8883, 8885, 8887, 8889, 8891, 8893, 8895, 8897, 8899, 8901, 8903, 8905, 8907, 8909, 8911, 8913, 8915, 8917, 8919, 
8921, 8923, 8925, 8927, 8929, 8931, 8933, 8935, 8937, 8939, 8941, 8943, 8945, 8947, 8949, 8951, 8953, 8955, 8957, 
8959, 8961, 8963, 8965, 8967, 8969, 8971, 8973, 8975, 8977, 8979, 8981, 8983, 8985, 8987, 8989, 8991, 8993, 8995, 

35 8997, 8999, 9001, 9003, 9005, 9007, 9009, 9011, 9013, 9015, 9017, 9019, 9021, 9023, 9025, 9027, 9029, 9031, 9033, 
9035, 9037, 9039, 9041, 9043, 9045, 9047, 9049, 9051, 9053, 9055, 9057, 9059, 9061, 9063, 9065, 9067, 9069, 9071, 
9073, 9075, 9077, 9079, 9081, 9083, 9085, 9087, 9089, 9091, 9093, 9095, 9097, 9099, 9101, 9103, 9105, 9107, 9109, 
9111, 9113, 9115, 9117, 9119, 9121, 9123, 9125, 9127, 9129, 9131, 9133, 9135, 9137, 9139, 9141, 9143, 9145, 9147, 
9149, 9151, 9153, 9155, 9157, 9159, 9161, 9163, 9165, 9167, 9169, 9171, 9173, 9175, 9177, 9179, 9181, 9183, 9185, 

40 9187, 9189, 9191, 9193, 9195, 9197, 9199, 9201, 9203, 9205, 9207, 9209, 9211, 9213, 9215, 9217, 9219, 9221, 9223, 
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9225, 9227, 9229, 9231, 9233, 9235, 9237, 9239, 9241, 9243, 9245, 9247, 9249, 9251, 9253, 9255, 9257, 9259, 9261, 
9263, 9265, 9267, 9269, 9271, 9273, 9275, 9277, 9279, 9281, 9283, 9285, 9287, 9289, 9291, 9293, 9295, 9297, 9299, 
9301, 9303, 9305, 9307, 9309, 9311, 9313, 9315, 9317, 9319, 9321, 9323, 9325, 9327, 9329, 9331, 9333, 9335, 9337, 

9339, 9341, 9343, 9345, 9347, 9349, 9351, 9353, 9355, 9357, 9359, 9361, 9363, 9365, 9367, 9369, 9371, 9373, 9375, 
5 9377, 9379, 9381, 9383, 9385, 9387, 9389, 9391, 9393, 9395, 9397, 9399, 9401, 9403, 9405, 9407, 9409, 9411, 9413, 
9415, 9417, 9419, 9421, 9423, 9425, 9427, 9429, 9431, 9433, 9435, 9437, 9439, 9441, 9443, 9445, 9447, 9449, 9451, 
9453, 9455, 9457, 9459, 9461, 9463, 9465, 9467, 9469, 9471, 9473, 9475, 9477, 9479, 9481, 9483, 9485, 9487, 9489, 
9491, 9493, 9495, 9497, 9499, 9501, 9503, 9505, 9507, 9509, 9511, 9513, 9515, 9517, 9519, 9521, 9523, 9525, 9527, 
9529, 9531, 9533, 9535, 9537, 9539, 9541, 9543, 9545, 9547, 9549, 9551, 9553, 9555, 9557, 9559, 9561, 9563, 9565, 

10 9567, 9569, 9571, 9573, 9575, 9577, 9579, 9581, 9583, 9585, 9587, 9589, 9591, 9593, 9595, 9597, 9599, %01, 9603, 
9605, 9607, 9609, 9611, 9613, 9615, 9617, 9619, 9621, 9623, 9625, 9627, 9629, 9631, 9633, 9635, 9637, 9639, 9641, 
9643, 9645, 9647, 9649, 9651, 9653, 9655, 9657, 9659. 9661, 9663, 9665, 9667, 9669, 9671, %73, 9675, %77, 9679, 
9681, 9683, 9685, 9687, 9689, 9691, 9693, 9695, 9697, 9699, 9701, 9703, 9705, 9707, 9709, 9711, 9713, 9715, 9717, 
9719, 9721, 9723, 9725, 9727, 9729, 9731, 9733, 9735, 9737, 9739, 9741, 9743, 9745, 9747, 9749, 9751, 9753, 9755, 

15 9757, 9759, 9761, 9763, 9765, 9767, 9769, 9771, 9773, 9775, 9777, 9779, 9781, 9783, 9785, 9787, 9789, 9791, 9793, 
9795, 9797, 9799, 9801, 9803, 9805, 9807, 9809, 9811, 9813, 9815, 9817, 9819, 9821, 9823, 9825, 9827, 9829, 9831, 
9833, 9835, 9837, 9839, 9841, 9843, 9845, 9847, 9849, 9851, 9853, 9855, 9857, 9859, 9861, 9863, 9865, 9867, 9869, 
9871, 9873, 9875, 9877, 9879, 9881, 9883, 9885, 9887, 9889, 9891, 9893, 9895, 9897, 9899, 9901, 9903, 9905, 9907, 
9909, 9911, 9913, 9915, 9917, 9919, 9921, 9923, 9925, 9927, 9929, 9931, 9933, 9935, 9937, 9939, 9941, 9943, 9945, 

20 9947, 9949, 9951, 9953, 9955, 9957, 9959, 9961, 9963, 9965, 9967, 9969, 9971, 9973, 9975, 9977, 9979, 9981, 9983, 
9985, 9987, 9989, 9991, 9993, 9995, 9997, 9999, 10001, 10003, 10005, 10007, 10009, 10011, 10013, 10015, 10017, 
10019, 10021, 10023, 10025, 10027, 10029, 10031, 10033, 10035, 10037, 10039, 10041, 10043, 10045, 10047, 10049, 
10051, 10053, 10055, 10057, 10059, 10061, 10063, 10065, 10067, 10069, 10071, 10073, 10075, 10077, 10079, 10081, 
10083, 10085, 10087, 10089, 10091, 10093, 10095, 10097, 10099, 10101, 10103, 10105, 10107, 10109, 10111, 10113, 

25 10115, 10117, 10119, 10121, 10123, 10125, 10127, 10129, 10131, 10133, 10135, 10137, 10139, 10141, 10143, 10145, 
10147, 10149, 10151, 10153, 10155, 10157, 10159, 10161, 10163, 10165, 10167, 10169, 10171, 10173, 10175, 10177, 
10179, 10181, 10183, 10185, 10187, 10189, 10191, 10193, 10195, 10197, 10199, 10201, 10203, 10205, 10207, 10209, 
10211, 10213, 10215, 10217, 10219, 10221, 10223, 10225, 10227, 10229, 10231, 10233, 10235, 10237, 10239, 10241, 
10243, 10245, 10247, 10249, 10251, 10253, 10255, 10257, 10259, 10261, 10263, 10265, 10267, 10269, 10271, 10273, 

30 10275, 10277, 10279, 10281, 10283, 10285, 10287, 10289, 10291, 10293, 10295, 10297, 10299, 10301, 10303, 10305, 
10307, 10309, 10311, 10313, 10315, 10317, 10319, 10321, 10323, 10325, 10327, 10329, 10331, 10333, 10335, 10337, 
10339, 10341, 10343, 10345, 10347, 10349, 10351, 10353, 10355, 10357, 10359, 10361, 10363, 10365, 10367, 10369, 
10371, 10373, 10375, 10377, 10379, 10381, 10383, 10385, 10387, 10389, 10391, 10393, 10395, 10397, 10399, 10401, 
10403, 10405, 10407, 10409, 10411, 10413, 10415, 10417, 10419, 10421, 10423, 10425, 10427, 10429, 10431, 10433, 

35 10435, 10437, 10439, 10441, 10443, 10445, 10447, 10449, 10451, 10453, 10455, 10457, 10459, 10461, 10463, 10465, 
10467, 10469, 10471, 10473, 10475, 10477, 10479, 10481, 10483, 10485, 10487, 10489, 10491, 10493, 10495, 10497, 
10499, 10501, 10503, 10505, 10507, 10509, 10511, 10513, 10515, 10517, 10519, 10521, 10523, 10525, 10527, 10529, 
10531, 10533, 10535, 10537, 10539, 10541, 10543, 10545, 10547, 10549, 10551, 10553, 10555, 10557, 10559, 10561, 
10563, 10565, 10567, 10569, 10571, 10573, 10575, 10577, 10579, 10581, 10583, 10585, 10587, 10589, 10591, 10593, 

40 10595, 10597, 10599, 10601, 10603, 10605, 10607, 10609, 10611, 10613, 10615, 10617, 10619, 10621, 10623, 10625, 
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10627, 10629, 10631, 10633, 10635, 10637, 10639, 10641, 10643, 10645, 10647, 10649, 10651, 10653, 10655, 10657, 
10659, 10661, 10663, 10665, 10667, 10669, 10671, 10673, 10675, 10677, 10679, 10681, 10683, 10685, 10687, 10689, 
10691, 10693, 10695, 10697, 10699, 10701, 10703, 10705, 10707, 10709, 10711, 10713, 10715, 10717, 10719, 10721, 
10723, 10725, 10727, 10729, 10731, 10733, 10735, 10737, 10739, 10741, 10743, 10745, 10747, 10749, 10751, 10753, 
5 10755, 10757, 10759, 10761, 10763, 10765, 10767, 10769, 10771, 10773, 10775, 10777, 10779, 10781, 10783, 10785, 
10787, 10789, 10791, 10793, 10795, 10797, 10799, 10801, 10803, 10805, 10807, 10809, 10811, 10813, 10815, 10817, 
10819, 10821, 10823, 10825, 10827, 10829, 10831, 10833, 10835, 10837, 10839, 10841, 10843, 10845, 10847, 10849, 
10851, 10853, 10855, 10857, 10859, 10861, 10863, 10865, 10867, 10869, 10871, 10873, 10875, 10877, 10879, 10881, 
10883, 10885, 10887, 10889, 10891, 10893, 10895, 10897, 10899, 10901, 10903, 10905, 10907, 10909, 10911, 10913, 

10 10915, 10917, 10919, 10921, 10923, 10925, 10927, 10929, 10931, 10933, 10935, 10937, 10939, 10941, 10943, 10945, 
10947, 10949, 10951, 10953, 10955, 10957, 10959, 10961, 10963, 10965, 10967, 10968, 10969, 10970, 10971, 10972, 
10973, 10974, 10975, 10976, 10977, 10978, 10979, 10980, 10981, 10982, 10983, 10984, 10985, 10986, 10987, 10988, 
10989, 10990, 10991, 10992, 10993, 10994, 10995, 10996, 10997, 10998, 10999, 11000, 11001, 11002, 11003, 11004, 
11005, 11006, 11007, 11008, 11009, 11010, 11011, 11012, 11013, 11014, 11015, 11016, 11017, 11018, 11019, 11020, 

15 11021, 11022, 11023, 11024, 11025, 11026, 11027, 11028, 11029, 11030, 11031, 11032, 11033, 11034, 11035, 11036, 
11037, 11038, 11039, 11040, 11041, 11042, 11043, 11044, 11045, 11046, 11047, 11048, 11049, 11050, 11051, 11052, 
11053, 11054, 11055, 11056, 11057, 11058, 11059, 11060, 11061, 11062, 11063, 11064, 11065, 11066, 11067, 11068, 
11069, 11070, 11071, 11072, 11073, 11074, 11075, 11076, 11077, 11078, 11079, 11080, 11081, 11082, 11083, 11084, 
11085, 11086, 11087, 11088, 11089, 11090, 11091, 11092, 11093, 11094, 11095, 11096, 11097, 11098, 11099, 11100, 

20 11101, 11102, 11103, 11104, 11105, 11106, 11107, 11108, 11109, 11110, 11111, 11112, 11113, 11114, 11115, 11116, 
11117, 11118, 11119, 11120, 11121, 11122, 11123, 11124, 11125, 11126, 11127, 11128, 11129, 11130, 11131, 11132, 
11133, 11134, 11135, 11136, 11137, 11138, 11139, 11140, 11141, 11142, 11143, 11144, 11145, 11146, 11147, 11148, 
11149, 11150, 11151, 11152, 11153, 11154, 11155, 11156, 11157, 11158, 11159, 11160, 11161, 11162, 11163, 11164, 
11165, 11166, 11167, 11168, 11169, 11170, 11171, 11172, 11173, 11174, 11175, 11176, 11177, 11178, 11179, 11180, 

25 11181, 11182, 11183, 11184, 11185, 11186, 11187, 11188, 11189, 11190, 11191, 11192, 11193, 11194, 11195, 11196, 
11197, 11198, 11199, 11200, 11201, 11202, 11203, 11204, 11205, 11206, 11207, 11208, 11209, 11210, 11211, 11212, 
11213, 11214, 11215, 11216, 11217, 11218, 11219, 11220, 11221, 11222, 11223, 11224, 11225, 11226, 11227, 11228, 
11229, 11230, 11231, 11232, 11233, 11234, 11235, 11236, 11237, 11238, 11239, 11240, 11241, 11242, 11243, 11244, 
11245, 11246, 11247, 11248, 11249, 11250, 11251, 11252, 11253, 11254, 11255, 11256, 11257, 11258, 11259, 11260, 

30 11261, 11262, 11263, 11264, 11265, 11266, 11267, 11268, 11269, 11270, 11271, 11272, 11273, 11274, 11275, 11276, 
11277, 11278, 11279, 11280, 11281, 11282, 11283, 11284, 11285, 11286, 11287, 11288, 11289, 11290, 11291, 11292, 
11293, 11294, 11295, 11296, 11297, 11298, 11299, 11300, 11301, 11302, 11303, 11304, 11305, 11306, 11307, 11308, 
11309, 11310, 11311, 11312, 11313, 11314, 11315, 11316, 11317, 11318, 11319, 11320, 11321, 11322, 11323, 11324, 
11325, 11326, 11327, 11328, 11329, 11330, 11331, 11332, 11333, 11334, 11335, 11336, 11337, 11338, 11339, 11340, 

35 11341, 11342, 11343, 11344, 11345, 11346, 11347, 11348, 11349, 11350, 11351, 11352, 11353, 11354, 11355, 11356, 
11357, 11358, 11359, 11360, 11361, 11362, 11363, 11364, 11365, 11366, 11367, 11368, 11369, 11370, 11371, 11372, 
11373, 11374, 11375, 11376, 11377, 11378, 11379, 11380, 11381, 11382, 11383, 11384, 11385, 11386, 11387, 11388, 
11389, 11390, 11391, 11392, 11393, 11394, 11395, 11396, 11397, 11398, 11399, 11400, 11401, 11402, 11403, 11404, 
11405, 11406, 11407, 11408, 11409, 11410, 11411, 11412, 11413, 11414, 11415, 11416, 11417, 11418, 11419, 11420, 

40 11421, 11422, 11423, 11424, 11425, 11426, 11427, 11428, 11429, 11430, 11431, 11432, 11433, 11434, 11435, 11436, 
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11437, 11438, 11439, 11440, 11441, 11442, 11443, 11444, 11445, 11446, 11447, 11448, 11449, 11450, 11451, 11452, 
11453, 11454, 11455, 11456, 11457, 11458, 11459, 11460, 11461, 11462, 11463, 11464, 11465, 11466, 11467, 11468, 
11469, 11470, 11471, 11472, 11473, 11474, 11475, 11476, 11477, 11478, 11479, 11480, 11481, 11482, 11483, 11484, 
11485, 11486, 11487, 11488, 11489, 11490, 11491, 11492, 11493, 11494, 11495, 11496, 11497, 11498, 11499, 11500, 
5 11501, 11502, 11503, 11504, 11505, 11506, 11507, 11508, 11509, 11510, 11511, 11512, 11513, 11514, 11515, 11516, 
11517, 11518, 11519, 11520, 11521, 11522, 11523, 11524, 11525, 11526, 11527, 11528, 11529, 11530, 11531, 11532, 
11533, 11534, 11535, 11536, 11537, 11538, 11539, 11540, 11541, 11542, 11543, 11544, 11545, 11546, 11547, 11548, 
11549, 11550, 11551, 11552, 11553, 11554, 11555, 11556, 11557, 11558, 11559, 11560, 11561, 11562, 11563, 11564, 
11565, 11566, 11567, 11568, 11569, 11570, 11571, 11572, 11573, 11574, 11575, 11576, 11577, 11578, 11579, 11580, 

10 11581, 11582, 11583, 11584, 11585, 11586, 11587, 11588, 11589, 11590, 11591, 11592, 11593, 11594, 11595, 11596, 
11597, 11598, 11599, 11600, 11601, 11602, 11603, 11604, 11605, 11606, 11607, 11608, 11609, 11610, 11611, 11612, 
11613, 11614, 11615, 11616, 11617, 11618, 11619, 11620, 11621, 11622, 11623, 11624, 11625, 11626, 11627, 11628, 
11629, 11630, 11631, 11632, 11633, 11634, 11635, 11636, 11637, 11638, 11639, 11640, 11641, 11642, 11643, 11644, 
11645, 11646, 11647, 11648, 11649, 11650, 11651, 11652, 11653, 11654, 11655, 11656, 11657, 11658, 11659, 11660, 

15 11661, 11662, 11663, 11664, 11665, 11666, 11667, 11668, 11669, 11670, 11671, 11672, 11673, 11674, 11675, 11676, 
11677, 11678, 11679, 11680, 11681, 11682, 11683, 11684, 11685, 11686, 11687, 11688, 11689, 11690, 11691, 11692, 
11693, 11694, 11695, 11696, 11697, 11698, 11699, 11700, 11701, 11702, 11703, 11704, 11705, 11706, 11707, 11708, 
11709, 11710, 11711, 11712, 11713, 11714, 11715, 11716, 11717, 11718, 11719, 11720, 11721, 11722, 11723, 11724, 
11725, 11726, 11727, 11728, 11729, 11730, 11731, 11732, 11733, 11734, 11735, 11736, 11737, 11738, 11739, 11740, 

20 11741, 11742, 11743, 11744, 11745, 11746, 11747, 11748, 11749, 11750, 11751, 11752, 11753, 11754, 11755, 11756, 
11757, 11758, 11759, 11760, 11761, 11762, 11763, 11764, 11765, 11766, 11767, 11768, 11769, 11770, 11771, 11772, 
11773, 11774, 11775, 11776, 11777, 11778, 11779, 11780, 11781, 11782, 11783, 11784, 11785, 11786, 11787, 11788, 
11789, 11790, 11791, 11792, 11793, 11794, 11795, 11796, 11797, 11798, 11799, 11800, 11801, 11802, 11803, 11804, 
11805, 11806, 11807, 11808, 11809, 11810, 11811, 11812, 11813, 11814, 11815, 11816, 11817, 11818, 11819, 11820, 

25 11821, 11822, 11823, 11824, 11825, 11826, 11827, 11828, 11829, 11830, 11831, 11832, 11833, 11834, 11835, 11836, 
11837, 11838, 11839, 11840, 11841, 11842, 11843, 11844, 11845, 11846, 11847, 11848, 11849, 11850, 11851, 11852, 
11853, 11854, 11855, 11856, 11857, 11858, 11859, 11860, 11861, 11862, 11863, 11864, 11865, 11866, 11867, 11868, 
11869, 11870, 11871, 11872, 11873, 11874, 11875, 11876, 11877, 11878, 11879, 11880, 11881, 11882, 11883, 11884, 
11885, 11886, 11887, 11888, 11889, 11890, 11891, 11892, 11893, 11894, 11895, 11896, 11897, 11898, 11899, 11900, 

30 11901, 11902, 11903, 11904, 11905, 11906, 11907, 11908, 11909, 11910, 11911, 11912, 11913, 11914, 11915, 11916, 
11917, 11918, 11919, 11920, 11921, 11922, 11923, 11924, 11925, 11926, 11927, 11928, 11929, 11930, 11931, 11932, 
11933, 11934, 11935, 11936, 11937, II938, 11939, 11940, 11941, 11942, 11943, 11944, 11945, 11946, 11947, 11948, 
11949, 11950, 11951, 11952, 11953, 11954, 11955, 11956, 11957, 11958, 11959, 11960, 11961, 11962, 11963, 11964, 
11965, 11966, 11967, 11968, 11969, 11970, 11971, 11972, 11973, 11974, 11975, 11976, 11977, 11978, 11979, 11980, 

35 11981, 11982, 11983, 11984, 11985, 11986, 11987, 11988, 11989, 11990, 11991, 11992, 11993, 11994, 11995, 11996, 
11997, 11998, 11999, 12000, 12001, 12002, 12003, 12004, 12005, 12006, 12007, 12008, 12009, 12010, 12011, 12012, 
12013, 12014, 12015, 12016, 12017, 12018, 12019, 12020, 12021, 12022, 12023 and 12024. 
10. A nudeic add molecule catqpriang a nucleotide sequence canqjlementaiy to a nudeic add molecule accrading to aiiy one of 
clfflnis6to9. 
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11. A nudac add niDleciile conpising a nucleotide sequences having 50% or greata: sequence idantily to a nucleic acid 
molecule according to any one of claims 6 to 10. 

12. A nucleic add molecule whidi can hybridise to a nucldc add molecule according to any one of claims 6 to 11 under hi^ 
stringency conditions. 

5 13. Aa)mix)atimconprisingapK)tein,anuddcaddnrolecde,orananliTxKfyaca 

14. A ccmjwsitiQn according to claim 13, bdng an inrnnunogenic compodtiOT, a vaodne comjosition or a diagnostic 

composition 

15. A composition accordiug to claim 13 or claim 14 fear use as a phamiacaitical. 

16. The use of a conposition according to claim 13 m the manufacture of a medicament for the treatmait or prevention of 
1 0 infection or disease caused by streptococcus bacteria, particalaily S.agalactiae and S.pyogenes. 

17. A mefliod of treating a patient; conpisipg administering to the patient a thaapeutically effective amount of the composhion 
of claim 13. 

18. A hybrid protein refSBsaited by the formula NB^-A-[-X-L-]„-B-COOH wheidn X is an amino add sequence as defined in 
daim 1, L is an clonal linker amino add sequoice, A is an optional N-terminal amino add sequence, 6 is an optional C-teminal 

15 an]inoacidsequence,andnisanintegQ:gteatertbanl. 

19. A kit conprising primers for artpliJ^g a template sequence contained within a.Streptococcus nucleic acid sequence, the kit 
caiprising a first primer and a second primer, wherein the first primer is substantially conqjlanaitaiy to said template sequence 
and the second primer is substantially complementary to a complement of said template sequence, whotdn the parts of said 
primers which have substantial conplemeriarity define flie tennini of the teoplate sequaice to he anqjlified. 

20 20. A kit conpisrrig fbt and second stngle-stianded o%aaudeotides which aUow a 

nudeic add sequence contained in a single- or douUe-stranded nucldc add (or nnxture thereof), wherein: (a) the first 
oligonucleotide conprises a primer sequence which is substantially conplementaiy to said tenplate nucldc add sequence; (b) the 
second oligonucleotide conprises a primer sequence which is substantially complemartary to the complement of said template 
nucleic add sequence; (c) the first oUgonudeotide and/or the second oligonucleotide conpriseCs) seqjience which is not 

25 compementary to said tenplate nuddc add; and (d) said primer sequences define the tennini of the tetiplate sequence to be 
amplified 

21. The kit of daim 20, wherein the non-conplementary sequence(s) of (c) conpise a restriction site and/or a promoter 

sequence. 

22. A coniputer-readable medium containing one or more of SEQ IDs 1 to 12024. 

30 23. A process for detecting Streptococcus in a biological smsph, conprising the step of contacting nuddc acid according to any 
of claims 6 to 12 with the biolo^cal sample under hybridising conditions. 

24. The process of claim 23, wherein the process involves nucldc add ampEfication. 
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CaATTTGCCSUVACAaaACGGAGTTACTAAAGaaGAaATTGCTGACaTTATCaCTCACCTCGCTTTTTaTGTTG 
TTTAATAAAGCTAAGGAAATTTGGATA 

SEQ ID 790 

MKEKQTAGRRQLEEFAPEFARWTODILFGEWAKEDHLTDKTRSIITISALISGGNLEQLEHHLQFAKQNGVTKEEIADIITHIJ^WGWPKAW 

FNKAKEIWI 

SEQ E) 791 

ATGCITACTATTCaAGAAATGAAAGATACaACCTTTGAATTAaUiGAAAATTTTAGAAGGTTAAATTATCCTO 
CaVACTTTAATATCaGTGAAGTTGZiATCTCTTTTAAGTCTTGATGTTACrTATCCTOGAGATGTTTGTATC 

AAAAAAGAGOGTAAAGAAGTTTATCCATTTTCTAGATTAGCATCTCATTaUMaAATCGTTGGTACCCTTATGAGACACCATC^ 

SEQE)792 

MLTIQEMKDTTFELQENFRSIJJYPIKQVAKDI«LNISEVESLLSI.DVTYPGDVCMLRDYLED^ttKKEGKEVyPFSIU^ 

SEQ E) 793 

ATGCTATCATTTCAAATK3TTGAAAAGCCAGC3lRTGATACTTGCTGGAGTAACTTTAGAAAATGTAAAGTCAA^ 
ATTGGOVTTTGTAAAAtaCaACCTGATTTTCGTTTCGATTACAGTGCCaCTTATCAAGTAGAGAC^ 

ATTAGGATCCCMGOTCTACCTATGCAGTOVTTTCTGTTAAAGGTCCSUVTGCCATCGAGTCTTCAAGAAACATGGajAAAAATAATA 
• TTTCAAGAGAATAATCTAAAACCAGCTAACTCGCCAAACTTAGAAATTTATTCATCTCAACATCCACAAGATACTGATTATCAAATGGAAATTTGG 
CTTGCTATCGCAGATATTACTAATAACTCGAAAACAAACTTAATC 

SEQ ID 794 

MLSFQIVEKPAMILAGVTLENVKSNQEGIQQAIGICKTQPDFRPDYSATYQVETSVQAPKGLEIIRIPSATYAVISVKGPMPSSLQETWRKIIQGF 
FQENKLKPMISPNLEIYSSQHPQDTDYQME1WLA1ADITNNSKTNI.I 

SEQ ID 795 

ATGATTACACaAGAAATGAAAGAGATTATTAATAGTCAGTTAGCMTGGTCGCGACGGTTGATGCTAAAGGTCAACCCaATATTGGCCCAA^ 

TCTATGCGTCTCTGGGATGATAAAAOSTTTATTTATTATGAAAATACAGATGGTaUACrCGTATTAACATTGAAGATAATQGGAAAATa^^ 

GCCTTTGTTOATCGTGAACGTCTTTTAGGTTACaBGTTTGTGGGAACTGCTGAAATTCUUUlCaiGAAGGTACTTATTAC^ 

GCAGAAGGACGOVTGGGGGTTCCraAAAGCAGTTGGTATTATTCaTGTOTAGraTATTTTTAATTTACAATCTGGTGCrrAA^ 

ACT 

SEQ ID 796 

MITQEMKEIINSQXJUtVATVDAKGQPNIGPKRSMRLWDDKTFIYNENTDGQTRINIEDNGKIEIAFVDREKIJiQYRFVGTAEIQTEGTYY^^ 
AE6RM6VPKAVG1 IHVBRI FNLQSGANAOKEIT 

SEQ ID 797 

ATGATAACACAAGAAATG3UiAGS1X:TTATTAATAACCAATTAGCAATGGTTGCQACGGTTGATGCCaAAGGTCAATC 
TCTATGCGTCTCTGGGATGATAAAACATTTATTTATAATGAAAATAO^GATGGTa^CTCGTATTAACATTGAAGATAATGGGAAJ^ 
GCCTTTGTTGATCGTGAGCXSCCOTTTAGGTTACaGGTTTQTAGfiAACTGCTQAAATTCaAAaiGAAGaTaCTTATTAaSAA^ 
GCACAAGGACGCIATGGGGGTACCaAAAGCaGTTGGTATTATTCATGTCGAGCGTATrTTTAATTTACAATCTGGTGCTAATGCAGGTAAAGAAATA 

SEQ ID 798 

MlTQEMKDLlNNQIJUWAWDAKaQPNIGPKRSMRLWDDKXFIYiraKTDGQTRINIEDNGKlEIAFVDRERLLGYRFVGTAEIQTEGAYYEAA^ 
AQGRMGVPKAVGIIHVERIFNLQSGANAGKEINSESN 

SEQ ID 799 

TCGGTCAAACAAGAACAAACCCAGTCAGCTTCAGAAGATGATTGGTTCGAAGAAGATAATGAGAQGAAAACAAATGTTTCTAAAGAGAATTCTACT 

GTTGATGAAACAGTTAGTGATTTATTTTCTGATGGAAATAGTAATAACTCTAGTTCTAAAACCGAGTCAGTGQTAAGTGACCCTAAACAAGTCCCC 

AAAGCAAAACCAQAQGTTACACAAGAAGCAAGCJyiTTCTAGTAATGATGCTAGCAAAGrAGAAGTACCAAAACAGGATACAGCTTCAAAAAAGGAA 

ACTCTAGAAACATCAACTTGGGAGGCaAAAGATTTCGTAACTAGAGGGGATACTTTAGTAGGTTTTTCAAAATCTGGRAOT 

ACaTCaCACTTGGTTTTACCAAGTCaTGCaGCaGATGGAACTCAATTGAmcaAGTAGCTAGCTTTGCTTT^^ 

QaiGAATATACM,GTAGGCTAGGAGAAAATGGGAAACCQAGTC6TTTAGATATTGATCaGAAGGAaATTATTGAT6AGGGAGAAATATTTM^ 
TACawSTTGACTAAGCTTACTATTCCAAATGGTTATAAGTCTATTGGTCAAGATGCTTTTGTGGAaVATAAGSATAT^ 
GAOAQTCTCGAGACTATTTCAGACTATGCTTTTGCTCACaTGTCTTTAAAAaiaGTAAAGTTACCAGATAACCTAAAGGTCAT^ 
TTTTTTGATAATa«3ATTGGTG6TAAGCTTTACT?TaCCaCBTaiCTTGATAAAATTAGmGAACGCGCTTTCAAATC 

GAATTTTTGGGAAGTAAGCTTAAGGTTATAGGAGAAGOiAGTTTTCAAGATAATAATCTGAGGAaTGTTATGCTTCCGGATGGACTTGAAaAAATA 

OAATmGAAGCTTTTACAGGAAATCCAGGAGATGAACaTTACAACAATCAGGTTGTATTGCGCACAAGGACAGGCCAAAATCCACATCAACTTGCG 

ACTGAGAATACTTACGTCaATCaSGACaAATCATTGTGGCGTGaiACaCCTGATATGGATTATACCAAATGGTTAGAGGAAGATTTTACCTATC^ 

AAAAATAGTGTTACAGGTTTTTCAAATAAAGGCTTACJiAAAGGTAAGACGTAATAAAAACTTAGAAATTCCAAAACAACACAATGGTATTACT^ 

ACTGAAATTGGTGATAACGCTTTTCGCaATGTTGATTTTC3UVAGTAAAACTTTACX3TAAATATGATTTGGAAaAAATAAAGCTCCC^ 

CGGAAAATAGGTGCTTTTGCTTTTCMTCTAATAACTTGAAATCCrnTGaLRGCAAGTGaiAGATTT^ 

AATCXSTATTGGAACTCTAGACTTGAAAGAOUiACTTATCAAAATAGGTGATGCTGCTTTCCATATTAATCATATTTATGCC^^ 
TCTGTACAAGAAATAGGACGTTCaGCTTTTCQAOU^TGGTGCXSCTTCACCTTATGTTTATra 

TTTTTATCCAATAAACTGGAAAGTGTAAATCTCTCTGAGCAAAAACAATTAAAGACaRTTGAGGTCCAAGCTTTTTCGGATAATO^ 

GTAGTCTTACCGCCAAATTTACaGACTATTCGTGAAGAQGCTTTCUUU«>GGAATaiTTTGAAAGAAGTGAAGGGTTCaTC^^ 

ACTTTTAATGCTTTTGATCAAAATGATGGGGaaVAACGCTTTGGTAAGAAAGTGGTTGTTAGQACACATAATAATTCTCATATGTTA 

GAGCGTTTTATCaTTGATCCAGATAAGCTATCTTCTAO^TGGTAGACCTTGAAAAGGTTTTAAAAATAATCGAAGGTTTAGATTACTCTACATTA 

CSTa>,GACTACrCAAACTCAGTTTAGAGAAATGACTACK3CAGGTAAAGCGTTGTTATCAAAATCTAACCTCCGACAAGGAGAAAAAC;^^ 

CTTCMGAAGCACAATTTTTCCTTGGTCGCGTTGATTTGGATAAAGCCATAGCTAAAGCTGAGAAGGCTTTAGT6ACCAAGAAGGCAACAAA6AAT 

GGTCATTTGCTTGAGAGGAGTATTAACAAAGCGGTATTAGCTTATAATAATAGTGCTATTAAAAAAGCTAATGTTAAGCGCTTGGAAAAA6AGTTA 

GACTTGCTGACGGATTTAGTCGAGGGAAAAGGACCATTAGCGCAAGCTACAATGGTACAAGGAGTTTATTTATTAAAGACGCCTTTACCATTGCCA 

GAATATTATATCGGATTGAACGTTTATITTGACMGTCTGGAAAATTGATTrATGCACTTGATATGAGTGATACTATTGGCGAGGGAC^^ 

GCATATGGTAATCCTATATTAAATGTrGACGAGGATAATGAAGGTTAT(^TACCTTGGCaGTTGCCACTTTAGCTGATTATGAAGGTCT^ 

AAAGATATTTTAAATAGTTCCCTTGATAAGATTAAAGCAATACGCa«3ATTCCTTTGGC3\AAATATCaTAGATTAGGAATTTTCC^ 

AATGCAGCGGCAGAAGCAGACCGATTGCTTCCTAAGACACCTAAGGGQTACCTAAATGAAGTCCCAAATTATCGTAAAAAACAAGTGGAGAAJ^ 

TTAAAACO^GTTGATTATAAAACQCCGATTTTTAATAAGGCTTTACCTAATGAAAAGGTAGACGGTGATASAGCGGCTAAAGG 

GCGGAGACTAATAATTCTGTAGCTGTAACaCCAATAAGGTCCGAGOlGCAATTACaTAAGTCACAGTCTGATGTAAATTTACCTC^^ 

AAAAATAATTTTATATACMAGATTCTAGGATAaSTTAGTTTATOTTTGCTTTTCXITAGTAACrGCTGGGAAA;^ 

SEQ ID 800 

OTKKHI«TLAIALTTVSVVTYSQEVYGLEREESVKQEQTQSASEDDWFEEDmRKTMVSKENSTVDETVSDLFSTC^ 

KAKPEVTQEASNSSNDASKVEVPKQDTASKKETLETSTWEAKDFVTRGDTLVGFSKSGINlOi'sQTSHLVLPSHAADGTQLTQVASFAFTPDKCT 
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SKPSIUJ3IDQKEIlDEGEIFNAYQI.TKLTlPNGYKSIGQDaFVDNKNIAEVNI,PESLETISDyaFWIfffiLKQVKLPDNLKVIGELA 
FFDNQI6GKLYLPRHLIKIJVERAFKSNRlQTVEFIK3SKLKVIGEi\SFQDNNLRNVmPDGLEKIESEAFTQNPQDEHmiQ^ 
TENTYWPDKSLVmATPDmYTKMLEBDFTYQKNSVTGFSNKGLQKVRRNKS&ElPKQHNGITITEIGDNAFRlT^ 
RKIGAFAFQSNinjCSFEASEDLEEIKEGAFMKINRIGTIJJLKDKLlKlaDJU^IiraiYAIVLPESVQEIGRSAFRQNGaiJIM^ 
PLSNKLESVNLSEQKQIJCriEVQAFSDNALSEVVIiPPlttQTlREEAFKMffiLKEVKGSSTLSQITFNAFDQNDGDKRPGK^^ 
ERFl IDPDKLSSTMVDLEKVLKI IEGIiDY£ITLRQTT(OTFREhreTAGKAIiSKSNLRQGEKQKFI.QEAQFFIBRVDIJ)KAI AKAEKALVTO 
GHI.LERSIHKAVIAYimSAIKKatrVKRI.EKELDtLTDLVEGKGPlAQATMVQ6VYIi 

AY<arelUnroEDNEGYHTIiAVATIJmYEGLYIKDII.NSSIJDKIKAlRQIPLAKYHRIK3IFQAIRNAAAEADRLLPKTPKG^ 
LKPVDYKTPIFNKAI.PlTEKVDGDEAAKSHNINAETNNSVAVTPIRSEQQLHKSQSDVIin:.PQTSSKBNFIYEI^ 

SEQ1D801 

ATGAAGAAACATCTTAAAACAGTTGCCTTGACCCTCaCTACAGTATCXSGTAGTCaCCCaaiATCAGGAAGTTTm 

GTTGATGATAraGTCaCTGACTTATTTTCBGATAAACGTACTACTCCTGAAAAaATAaAAGATAATCTTGCTAAaGGTCCGAGAGAACAAGAGTTA 

AAGGCAGTAACAGAGAATACAGAATraGAAAAGCaGATCaCTTCTGG&TCTCAaCTAGAACAATCaaAAGAGTCTCTTTCTTTAA^ 

CCATCAACGTCTAATTGGGAGATTTGTGATTTTATTACTAAGGGG&ATACTCTTGTTGGTCTTTCaAAATCAGGTGTTGAAAAGTTATCTC 

GATCATCTCGTATTGCCTAGTCAAGCAGCAGATGGAACTCAATTGATACAAGTAGCTAGTTTTGCTTTTACTCCAGATAAAAAGACGGaSATTGCA 

GAATATACCAGTAGGGCTGGAGAAAATGGGGAAATAAGCCAACTAGATGTGGATGGAAAAGJiAATTATTAACGAaGGTGAGGTTTTTAATTCTTAT 

CTACTAAAGAAGGTAACAATCCCAaCTGGTTATAAACATATTGGTCAAGATGCTTTTGTGGACSiATAaGAATATTGCTGAGGTTAATCTTCCT 

AGCCTaSAGACTATTTCTGACTATGCTTTTGCTCACCTAGCTTTGaaACAGATCGATTTGCCaGaTAATTTAAAAGCGATTGGAGAATTAG 

TTTGATAATCAAATTACaiGGTAAACTTTCrrTTGCCACGTCaGTTaATGCGATTAGCaGaACGTGCTTTTAAATCSiaACCa 

TTTAGAGGAAATAGTCTAAAAGTGRTaQQGaABGCTAGTTTTCAAGATAATGATCTGAGTCaACTAATGCTACCTGaO^ 

TCAGAAGCTTTTACaGGAAATCCAGGAGATGATCACTACAATAACaSTGTTGTTTTGTGGaCaaAATCTGQAAAAAATCCT 

GAaAATACCTATGTTAATCCTGATAAGT(aerATGGCAGGAAAQTC(^AGATfGATTATACTAAATGGTTA6AGGAftGATTTTACCT 

AATAGTGTTACAGGTTTTTCAARTAAAGGCTTA(aAAAAGTAAAACX3TAATAAAAACTTAQAAATTCC3iaAACA^ 

GAAATTGGTGATAATGCTTTTCGCAATGTTGATTTTCAAAATAAAACTTTACSTAAATAT6ATTTGGAA6AA6TAAAGCTTCCCTCAACTATTCGG 

AAAATAGGTGCTTTTGCTTTTCAATCTAATAACTTGAAATCTTTTGAAGCAAGTQACKATTTAGAAGAGATTAaAGSGGGaGCCTTTATGM^ 

CGTATTGAAACCTTGGAATTAAAAGATAAATTAGTTAtnATTGGTGATGCGGCTTTCCaTATTAATCaTATTTATGCCaTTGTTCTTCCAGM 

GTACauVGAAATAGGGCGTTCAGCATTTCGGCAAAATGGTGCAAATAATCTTATTTTTATQGGAAGTAAGGTTAAGACCTTAGGTGAGATGGCATTT 

TTATCaAATAGACTTGAACATCTGGATC^TCTGaGCAAAAACaGTTAACAGAGATTCCTGTTCaAGCC^^ 

TTATTACCAGCATOlCTGAAAACGATTCGAGAAGAAGCCTTCSUiAAAGAaTCaTTTAAAACAACTQGAAGTGGCATCTGCC^ 

TTTAATGCTTTaGATGATAATGATGGTGATGaACaATTTGATaATAAAGTGGTTGTTAAAACGCATCa 

aVTTTTATCGTTGATCCaGATAAGTTATCTTCOTiiCAATAGTAGACCTTGaAAaGATTTTAaAACTAATCGAAGGTTra 

cagactactcaaacravgtttagagacatgactactgcaggtaaagcgttgttgtcaaaatctaacct 
cmgaagcacaatttttccttggccracgttgatttgqataaagccatagctaaagcrrgagaaggctttaotgaccm 
cagttgcttgaaagaagtattaacaaagasgtattagcttataataatagcgcrattaaaaaagctaatgttaagcgcitogaaaaag^^ 
ttgctaacaggattagttgagggaaaaggaccattagcgcaagctacaatggtacaaggagtttatttattaaagacgcctttgccattgccagaa 
tattatatamattgaacgtttattttgacaagtctggaaaattgatttatgcacttgatatgagtgatactattggcssagggac^^ 
tatggtaatcctatattaaatgttfsacgaggataatgaaggttatcatgccttggcagttgccactttagctgattatgaggggctcgacatcaaa 
a(3iattttaaata0taagcttagtcaattaacatctattcgtcaggtaccgactgcagcctatcatagagccggtattttccaagctatccaaaat 
gcagcggcagaagcagagcagttattgcctaaaccaggtacgcactctgagaagtcaagctcaagtgaatctgctaactctaaagatagaggattg 
caatcaaacccaaaaacgaatagaggacgacactctgcaatattgcctaggacagggtcaaaaggcagctttgtctatggaatcttaggttacact 
agcgttgctttactgtcacts:ataactgctataaaaaag&aaaaatat 
SEQID802 

MKKHLKWALTLTTVSWTHNQEVFSLVKEPILKQTQASSSISGADYAESSGKSKLKINETSGPVDDTVTDLPSDKRTTPEKIKDN^^ 

KAVTEIIITESEKQITSGSQLEQSKESLSimTVPSTSNWEICDFlTKGim.VGLSKS6VEKLSQTDHLVLPS0AADGTQLIQVASF 

EYTSRAGENGElSQIDTOGKEIIlffiGEVFNSYLLKKVTIPTGYKHIGQDAFVDimilaEVNLPESI.ETISDYAFAHlJtt.KQIDLPDNL^ 

FDNQITGKLSLPRQUlRLAERAFKSiraiKriEFRGNSLKVIGEASFQDNDLSffliMLPDGLEKIESEAFTGNPGDDHYiraRVVLWTra 

EimWPDKSLWQESPEIDYTKWLBEDFTYQKMSVTGFSNKGLQKViaanMLEIPKQHNGVTITEIGDNAFRl^ 

KIGAFAPQSNNLKSFEASDDLEEIKEGAFMKHRIETLEIOTKLVTlGDAAFHINHIYAIVLPESVQEIGRSAFRCWGAliB^ 

LSNRLBHLDLS EQKQLTE I PVQAPSDNAIiKEVl.I.PASLKTlREEAFKKNHI.KQLEVASAIfiHI APNAIBDHDGDEQFDNKVVVKTH^ 

HFIVDPDKLSSTIVDLEKlLKLlEGLDYSTLRQTTQTQFRD^OT'AGKALLSKSNLRQGEKQKFrlQEAQFFLQRVDLDKAIaKAEKAIJV^ 

QLLERSlNKAVIJ^YMISAIKKAIWKRLEKEIJ3LLTGIiVEGKGPIAQA™VQGVYLLKTPLPLPEYY16Ii^^ 

YGNPlLNVDBDNEGYHALAVATIJffiYEGLDIKTIIJISKLSQLTSIRQVPTAAYHRAGIFQAIQNAAAEAEQLLPKPGTHSEKSSSSESAKSKDRGL 
QSNPKTNRGRHSAILPRTGSKGSFVYGIIjGYTSVALLELITAIKKKKY 

SEQ ©803 

ATGACACAATCAGATGCATATCTCTCGTTGAACGCGAAGACACGCTTTAGAGATCGCACAGGTAATTATCATTTTACTTCGGATAAAGAGGCTGTT 
GAACAATATATGATAGAACATGTTGAACCTAATACGATGGTGTTCACATCACTAATTGAAAAGCTAGATTATTTGGTTTCTAATAACTACTATGAA 
TCGGACCTTCTAAAACAATATAACCTTGAGTTTATTTGCCAAATTTTTGAGCa 
TTAAAATTTTAl 

GCTGCTGGTaATGAAAAAGCTGCCTATGACCTAGTAGATGACATGCTAGO^TCGCTTTCAACaiGCAACaCCTACOT 

AAACGTCGTGGTGAATATATCTCTTGCTATTTGTTGCGCATTGAAGAaiATATGGAATCTATTTCTCGTGCTATTAGTACM 

AAACGAGGTGGTGGGGTAGCaCTTTGClTAA<Xa^CTTACGGGAaTTTGGTGCTCCMTAAAAGGTATTAAajiaTC^ 

gtcatgaaattactagaagattcgttttcttacqccaatavattaggacaaagaoiaggagctggtgcagtttacotaaicgctcaccat 

gtattaacgtttttagatactaaacgtgagaatgccgatgagaaaattcgaattaaatctctttccctaggacttgttattcctgatattactttt 

gaattggctaaggcaaataaagatatggccttgttttcackgtatgacattgagcgagtatatggtaaaccaatgtctgatatctctatcacagaa 

gaatatgaaactttattagccaatgcggatattcgtaaaacctttattagtgcacgaaaactatttaiaacgatagcagagcttcattttgm^ 

ggttatccttatatcttatttgaagatactgtaaatgctaaaaaccctcacaaaaaagagggacgaattgttatgtctaatttatgttctgagatt 

gcacaagttaatacagctagtcaattttcagaagacctgactttcactaaggttggacatgat6tttgttgtaatttaggttctattaatattgcg 

cgtgctatggatcaagcggcggattttgaaaaattaattgctaatagcattagagcccttgatcgtgtatctcgaacttctgatttagatagtgct 

ccatctattaaaaaaggtaatgcagctaatcatgctgttggtttaggtgctatgaatttgcatggatttttggcgactaaccatatttattacgat 

tctcaagaggctattgattttacagattgcttcttttacgctatggcttattatgcctttaaagcttctaaccatttagcaaaagaaaaaggaacc 

tttgagggcttctcggaatouigttatgcroatggcagttatttctatcaatataccgaacaaaactttgagcauuiaacac^ 

ctactagctgagtatggtctgactctacauigccauigaggattggagaaagcrtgtgcaaagtattaaagagataggatt 

ttagctgttgctccgaoigggtcaatcagttatctttcttcttgtactccgagccttcaaccggttgtatcacctgtasaagtac^ 

gcactggggagggtttatgtacctgcttataagattgatgcagataattatgtctactacaaaaaaggagcttatgaagtgggatctc^ 

atcaatattgcagctgccgctcaaaaacacattgatcaagctatttcgttaacgcrattca^tgaavgatai^ 



